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Sm#ARY
The p o s s i b i l i t y  o f  d e te rm in in g  th e  a r o m a t i c i t y  o f  c e r t a i n  p seu d o -  
a r o m a t i c  compounds from chem ica l  s h i f t  m easu rem en ts ,  f o l lo w in g  th e  
o r i g i n a l  p ro c e d u re  o f  E lv id g e  and Jackmann? has  been  i n v e s t i g a t e d .
The compounds s tu d ie d  in  th e  p r e s e n t  work were two is o m e r ic  
d im e th y l -k ~ p y r id o n e s ,  t h r e e  is o m e r ic  d im e th y l - 4 -q u in o lo n e s ,  f o u r  
iso m e r ic  d im e th y l - 2- q u in o lo n e s ,  and v a r io u s  t h i o - a n a l o g u e s .
The r e s u l t s  f o r  t h e  ^ -p y r id o n e s  { l 6 % a r o m a t i c i t y )  a r e . i n  .agreement . 
w i th  t h e o r e t i c a l  c a l c u l a t i o n s ,  which p r e d i c t  a low er  v a lu e  th a n  fo r .  
t h e  2 -p y r id o n e s  (found by E lv id g e  and Jackmann t o  be, a b o u t 33%)•
The a r o m a t i c i t y  o f  hO% c a l c u l a t e d  f o r  t h e  ^ - th io p y r id o n e s  i s  a l s o  
o f  th e  e x p ec ted  o r d e r ,  s in c e  s u lp h u r  i s  more p c l a r i z a b l e  th a n  oxygen, 
and i s  t h e r e f o r e  l i k e l y  t o  f a c i l i t a t e  i r - d e l o c a l i s a t i o n . The v a lu e s  
o f  70- 75# a r o m a t i c i t y  o b ta in e d  f o r  t h e  p y r id o n e  r i n g s  o f  t h e  2 -and  
^ -q u in o lo n e s  and t h e i r  th io - a n a lo g u e s  a r e ,  how ever, much h ig h e r  th a n  
e x p e c te d ,  s in c e  e a r l i e r  w orkers  have  found t h a t  a r o m a t i c i t y  v a lu e s  
f o r  fu sed  h e t e r o c y c l i c  r i n g s  c a l c u l a t e d  in  t h i s  manner n o rm a l ly  a g re e  c 
q u i t e  w e l l  w i th  th o s e  f o r  th e  i s o l a t e d  h e t e r o c y c l i c  r i n g .
Amongst th e  new compounds p r e p a re d  t h e  t h i o n e s  o f  v a r io u s  d ih y d ro -  
t r im e th y ln a p h th a le n e s  were o f  p a r t i c u l a r  i n t e r e s t .  Compounds o f  t h i s  
ty p e  have n o t  been  d e s c r ib e d  in  t h e  l i t e r a t u r e  b e ca u se  o f  t h e i r  
i n s t a b i l i t y  and i n h e r e n t  te n d en cy  t o  p o ly m e r i s e ,  b u t  in  t h i s  work t h e i r  
f l e e t i n g  p r e s e n c e  was e s t a b l i s h e d  s p e c t r o s c o p i c a l l y .
O ther n o ta b le  f e a t u r e s  en c o u n te re d  were
. -
a)  th e  u n ex p ec ted  fo rm a t io n  o f  5 - m e th y l - 2 - t e t r a l o n e  as  t h e  m a jo r  
p ro d u c t  in  th e  s y n t h e s i s  o f  8-m e th y l - 2 - t e t r a l o n e  from _ o - to ly la c e ty l  
c h l o r i d e  and e th v le n e ,  and y  .
b ) t h e  read y  a r o m a t i s a t i o n  o c c u r r in g  in  r e a c t i o n s  in v o lv in g  t h e  
c a rb o n y l  group o f  1 , 4 - d ih y d r o - ^ ,  7 - t r i m e t h y l - l - o x o n a p h t h a l e n e .
INTRODUCTION
V a r ia t io n s  i n  t h e  chem ica l  s h i f t  o f  p ro to n s  a r e  cau sed  by
v a r i a t i o n s  i n  t h e  s c r e e n in g  c o n s ta n t  q.. The l o c a l  m ag n e tic  f i e l d ,
\ , e x p e r ie n c e d  a t  t h e  n u c le u s  i s  r e l a t e d  t o  t h e  s c r e e n in g  L o c a l ’ . , . . .
c o n s ta n t  i n  t h e  fo l lo w in g  m a n n e r : -
E o c a l  "  .
where H i s  t h e  a p p l i e d  f i e l d .
o
T h u s t h e  l a r g e r  t h e  s c r e e n in g  c o n s t a n t ,  t h e  l a r g e r  t h e  
a p p l i e d  f i e l d  must be  i n  o r d e r  t o  b r i n g  t h e  p ro to n  i n t o  r e s o n a n c e .
The s c r e e n in g  c o n s ta n t  a i s  composed o f  f o u r  t e rm s .
d i a  , p a r a  , o , . i n t e r a t o m i c  . (-2 )
° T o ta l  = °  °  ° + c
d i a  ' ■a i s  s i m i l a r  t o  t h a t  found  i n  Lamb * s  ^ c a l c u l a t i o n s  f o r
atom s. T h is  i s  t h e  te rm  w hich would acc o u n t  f o r  t h e  t o t a l  s c r e e n in g
o f  t h e  n u c le u s  i f  one d e a l s  w i th  an atom and n o t  a  m o le c u le ,  and i f
t h e  o n ly  e f f e c t  o f  t h e  e x t e r n a l  f i e l d  i s  t o  r o t a t e . t h e  e l e c t r o n s
around th e  n u c le u s  w i th  t h e  Larmor p r e c e s s io n  f r e q u e n c y .
S in c e ,  how ever, c o m p le te ly  f r e e  e l e c t r o n  c i r c u l a t i o n  around  
th e  n u c le u s  i s  i n h i b i t e d  in  a  m o lecu le  b e c a u se  o f  d e p a r t u r e  from 
s p h e r i c a l  symmetry, a  second  te rm  was in t r o d u c e d  as a  c o r r e c t i o n
by Ramsey»^ The e f f e c t  o f  t h e  d ia m a g n e t ic  and p a ra m a g n e t ic  c u r r e n t s  
o f  n e ig h b o u r in g  atoms can n o t be ig n o r e d ,  t h e r e f o r e  was added as  a 
c o n t r i b u t i o n  t o  t h e  s h i e l d i n g  e q u a t io n .  T h u s , so f a r ,  c i r c u l a t i n g  
c u r r e n t s  o n ,  or. n e a r  t h e  i n d i v i d u a l  p ro to n s  Have been  a c c o u n te d  f o r .
I t  i s  a l s o  p o s s i b l e ,  how ever,  f o r  t h e  s h i e l d i n g  o f  a p ro to n  t o  be
a f f e c t e d  by i n t e r a to m ic  c u r r e n t s  f lo w in g  around  c l o s e d  c o n ju g a te d  p a t h s ,
, ,, ■ in t e r a to m ic  , . _ . . r.. , ,hence t h e  te rm  a . Large ch em ica l  s h i f t s  can be  c au sed  by
t h i s  l a s t  t e rm ,  and i t s - s i g n i f i c a n c e  i s  v e ry  marked i n  a ro m a t ic  sy s te m s .
P a u l in g ^  in  1936 p ro p o s e d  t h a t  t h e  e f f e c t  o f  an e x t e r n a l  f i e l d  
on th e  TT-electrons o f  benzene  would be t o  c au se  t h e i r  c i r c u l a t i o n  round  
a  c lo s e d  c i r c u l a r  pa th*  Tliis i s  t h e  " r i n g  c u r r e n t " ' e f f e c t . ' ‘ Thé e f f e c t ' 
o f  t h i s  r i n g  c u r r e n t  i s  such  t h a t  i t  s e t s  up a  d ia m a g n e t ic  moment 
opposed t o  a  p e r p e n d i c u l a r l y  a p p l i e d  f i e l d  H^. A d iagram  dra\m  o f  t h e  
m a g n e tic  l i n e s  o f  f o r c e  g e n e r a te d  by th e  i n t e r a c t i o n  o f  t h e  T r-e lec tro n s  
and t h e  e x t e r n a l  m ag n e tic  f i e l d  would d e m o n s t r a te ;  .
— u
1)
2 )
p ro to n s  h e l d  above o r  below  t h e  p la n e  • 
o f  t h e  r i n g  e x p e r ie n c e  a  d e c re a se d  f i e l d  
i n t e n s i t y ,  th e y  t h e r e f o r e  .need a  h ig h e r  
a p p l i e d  f i e l d  t o  come i n t o  r e s o n a n c e ,  
and a r e  t h e r e f o r e  s h i e l d e d ;
p ro to n s  i n  t h e  p la n e  o f  t h e  r i n g  
e x p e r ie n c e  a  r e i n f o r c e d  f i e l d  and a r e  
t h e r e f o r e  d e s h ie ld e d .
Thus t h i s  model acc o u n ts  f o r  t h e  h ig h  a n i s o t r o p i c  
s u s c e p t i b i l i t y  o f  a ro m a t ic  m o le c u le s ,  w i th  t h e  a x i s  o f  h i g h e s t  
d iam agnetism  p a r a l l e l  t o  t h e  a p p l i e d  f i e l d  and p e r p e n d i c u l a r  t o  t h e  
m o le c u la r  p l a n e .  I t  i s  assumed t h a t  no r i n g  c u r r e n t  f low s when t h e  
a p p l i e d  m ag n e tic  f i e l d  i s  p a r a l l e l  t o  t h e  p la n e  o f  t h e  a ro m a t ic  
m o lecu le .
> ■ ■ ■ ’ ■ ■ . ,  '
In  o r d e r  t o  o b ta in  t h e  m agn itude  o f  t h i s  e f f e c t  a t  t h e
r i n g  p r o to n s ,  Pople^  r e p l a c e d  t h e  c u r r e n t  p ro d u ced  from t h e  m o b i le
e l e c t r o n s  by  an e q u iv a le n t  m a g n e tic  d ip o le  a t  t h e  c e n t r e  o f  t h e  hexagon ,
p a r a l l e l  t o  and opposed t o  t h e  a p p l i e d  f i e l d .  The c u r r e n t  j  e q u a ls
o 2 IT  * c i 2
Q . and th e  ma^gnetic d ip o le  , w here a, i s  t h e  r a d iu s  o f  t h e  _
. 2Trmc \ . h . . • • • •  "
c i r c l e ,  which i s  v i r t u a l l y  t h e  same as t h e  C~C d i s t a n c e .  T h e r e f o r e ,
i f  R i s  t h e  d i s t a n c e  o f  a p ro to n  from t h e  c e n t r e  o f  t h e  r i n g ,  t h e
seco n d a ry  m ag n e tic  f i e l d ' e x p e r i e n c e d  by t h i s  p ro to n  E i s  e q u a l  t o
1 ira^-y - o r  ------- 2—  j i n  t h i s  p a r t i c u l a r  d i r e c t i o n .  Thus t o  o b ta in  th e
cR  ^ 2mc^R^ , "
chem ica l s h i f t  ô f o r  p ro to n s  a t t a c h e d  t o  an a ro m a t ic  r i n g ,
t h e  mean s c r e e n in g  c o n s ta n t  must be  o b ta in e d  w hich i s  a v e ra g ed  o v e r  
a l l  p o s s i b l e  o r i e n t a t i o n s  w i th  r e s p e c t  t o  t h e  applied f i e l d .  Thus, 
th e  above e x p re s s io n  must be d iv id e d  by 3Hq and t h e r e f o r e
g _ e^a^ ( 3 )
- "  : .2mc2R3\ - .
From t h i s  c a l c u l a t i o n ,  Pople^  o b ta in e d  a v a lu e  f o r  th e  ch em ica l  s h i f t  
o f  1 .7 5  X ICrG, remembering t h a t  t h i s  i s  t h e  r e l a t i v e  s h i f t  o f  a ro m a t ic  
and e t h y le n ic  h y d ro c a rb o n s , w hich can be compared w ith  an o b se rv ed  
d i f f e r e n c e  o f  l .U  x 10"* ,^
This c a l c u l a t i o n  was l a t e r  r e f i n e d  by Waugh and F e s s e n d e n , 5
who re p la c e d  th e  e q u iv a le n t  m ag n e tic  d ip o le  a p p ro x im a tio n  by t h e
m agnetic  field which w i l l  a c t u a l l y  a r i s e  from e l e c t r o n s  c i r c u l a t i n g  i n
th e  two c u r r e n t  lo o p s  o f  t h e  tt- e l e c t r o n s . They assumed, however^ t h a t
o
th e  separation o f  t h e  two loops was O.9A, an a r b i t a r y  f i g u r e  chosen  t o
g iv e  th e  b e s t  agreem ent betw een c a l c u l a t e d  and o b se rv e d  r e s u l t s . In
t h i s  way they c a l c u l a t e d  t h e  6 v a l u e ,  w h ich ,  when added t o  th earom ’ ’
chem ica l s h i f t  v a lu e  o f  a compound in c a p a b le  o f  s u s t a i n i n g  a  r i n g
c u r r e n t ,  gave f i g u r e s  in  reasonable agreem ent with the 6 value o f
aro m a tic  p r o to n s .  T h e i r  n o n -a ro m a t ic  model compounds in c lu d e d
cyclohexadiene.-l, 3 and c y c l o o c t a t e t r a e n e ; compounds w hich had  analogous
C-H bond h y b r i d i z a t i o n  to  b e n z e n e . , Johnson  and Bovey^ l a t e r  p o in t e d  ou t
an e r r o r  in  Waugh and F essenden^s^  c a l c u l a t i o n s ,  and again by arranging
th e  c a l c u l a t e d  values o f  Ô t o  g iv e  t h e  b e s t  agreem ent w i th  o b se rv edarom
r e s u l t s ,  th e y  came t o  th e  c o n c lu s io n  t h a t  t h e  s p a c in g  o f  t h e  two c u r r e n t
O  " r
loops  was n e a r e r  1 . 28Â having s e l e c t e d  I . 50 ' x 10*° as t h e  most probable
v a lu e  f o r  6 . From t h e i r  r e s u l t s  t h e y  c a l c u l a t e d  shielding v a lu e s  in\ . arom . • • /  _ . •
th e  neighbourhood o f  a,benzene r i n g ,  w hich e n a b le d  t h e  p r e d i c t i o n  o f  a 
d iam agne t ic  or paramagnetic s h i f t  6^ f o r  a  proton.in a n y  p o s i t i o n  • • 
r e l a t i v e  to  the ring. '
Although t h e r e  w e r e - a l r e a d y  some c o n f l i c t i n g  v a lu e s  o f  
th e  m agnitude o f . t h e  r i n g . c u r r e n t  e f f e c t , q u a l i t a t i v e  s u p p o r t  f o r  
t h e  fu n d am e n ta l"c o n cep t came from Waugh and Fessenden^  in  t h e i r  
s tu d y  o f  1 ,  b -p o ly m eth y len e  b enzenes  (A, n = 10 o r  1 2 ) ,  where th e  
m ethylene groups h e l d  above t h e  p la n e  o f  t h e  r i n g  w ere found  t o  
be s t r o n g ly  s h i e l d e d  and w ere c o n s e q u e n t ly  s h i f t e d  l i p f i e l d .
n
The &-CH2 g ro u p s ,  how ever, r e s o n a te d  i n  t h e  same p o s i t i o n  as t h e  
C?Î2 group i n  e t h y l  b e n z e n e ,  s u g g e s t in g  t h a t  th e y  were p r e s e n t  i n  t h e  
d e s h ie ld e d  zone.
A s t a r t i n g  d e m o n s t ra t io n  o f  t h e  r i n g  c u r r e n t  e f f e c t  was 
shovm by Jaclimann e t  a l ,  ^  ^ i n  an n . m . r .  s tu d y  o f  v a r io u s  a n n u le n e s .
Some o f  t h e  compounds s t u d i e d  obeyed I lü ck e l’ s (U n + 2) r u l e ,  and i n  
a l l  cases  t h e s e  were found t o  e x h i b i t  ch em ica l  s h i f t s  i n  agreem ent 
w ith  th e  r i n g  c u r r e n t  t h e o r y .  The in n e r  p r o to n s  w ere found  t o  be  ... 
s t r o n g ly  s h i e l d e d ,  w hereas t h e  p ro to n s  o u t s id e  t h e  r i n g  showed 
a b s o rp t io n s  a t  u n u s u a l ly  low f i e l d s .  However t h e r e  w ere c a s e s  i n  
which an n u len es  obey ing  H ü ck e l* s r u l e  d id  n o t  a p p e a r  t o  g iv e  t y p i c a l l y  
a rom atic  s p e c t r a  a t  + 30° , b u t  gave av e ra g e  s h i f t  v a l u e s .  T h is  was 
found t o  be  due t o  a  r a p i d  i n t e r c h a n g e  in  t h e  p o s i t i o n s  o f  t h e  p ro to n s  
on th e  t r a n s  double  bonds r e s u l t i n g  from t h e  p r e s e n c e  o f  two confo rm ons,
one w ith  th e  t r a n s  doub le  bond p e i 'p e n d ic u la r  t o ,  and th e  o t h e r  w i th  t h e
* * * ■ * ot r a n s  doub le  bond i n  t h e  .p lane  o f  t h e  m o le c u le .  S p e c t r a  t a k e n  a t  - 6 0
i . e .  o f  t h e  "non m o b i le "  m o le c u le ,  showed ch em ica l  s h i f t s  as e x p e c te d
o f  an a ro m a t ic  m o le c u le ,  i . e .  w i th  b o th  ab n o rm a lly  s h i e l d e d  and
d e s h ie ld e d  p r o to n s .  C le a r ly ,  a  r i n g  c u r r e n t  i s  th e n  o p e r a t i n g .  In
. s p i t e  o f  th e  change in  spectrurd  a t  h ig h e r  t e m p e ra tu r e s  t h e s e  compounds 
a r e  s t i l l  c o n s id e re d  to  he a ro m a t ic  th ro u g h o u t  t h e  t e m p e ra tu r e  r a n g e .  
Thus, a  c o r r e l a t i o n  was o b ta in e d  betw een th e  n . m . r . '  sp e c tru m  and t h e  
d e f i n i t i o n  o f  a r o m a t i c i ty  by  H ü ck e l*s r u l e .  One f u r t h e r  i n t e r e s t i n g  
p o in t  i s  th e  s u g g e s t io n  made by Sondheinier^^ t h a t  ,a n e g a t iv e ,  r i n g  , _ 
c u r r e n t  i s  p r e s e n t  i n  th e  k n a n n u le n e s ,  where t h e  i n n e r  p r o to n s  
r e s o n a te  a t  p a r t i c u l a r l y  low f i e l d s  and t h e  o u te r  p r o to n s  a r e  s h i e l d e d .
■ This i n d i c a t e s  th e  e x i s t e n c e  o f  a  p a ra m a g n e tic  r i n g  c u r r e n t ,  and 
Longuet-Higgins^O su g g e s ts  t h a t  t h e  p re s e n c e  o f  low l y i n g  e x c i t e d  s t a t e s  
i s  more p o s s i b l e  i n  th e  ^ n  an n u len es  th a n  in  t h e  4 n + 2 a n n u le n e s ,  
th u s  acc o u n tin g  f o r  a  s t r o n g  p a ra m a g n e t ic  c u r r e n t .
Mailing u se  o f  t h e  h y p o th e s i s  t h a t  t h e  r i n g  c u r r e n t  e x i s t s  i n  
a rom a tic  compounds, and t h a t " p r o t o n s  a r e  s h i e l d e d  o r  d e s h ie l d e d  . 
depending on t h e i r  p o s i t i o n s  r e l a t i v e  t o  t h e  r i n g ,  E lv id g e  and Jackmann^ 
a t te m p te d  t o  p u t  t h e  concep t on a  q u a n t i t a t i v e  b a s i s .  In  I 961  th e y  
p u b l i s h e d  a method by  which th e  p e rc e n ta g e  a r o m a t i c i t y  o f  a  m o le c u le  
cou ld  be de te rm ined  from t h e  d e s h i e l d in g  caused  by t h e  r i n g  c u r r e n t .
They c o n s id e re d  a  s u b s ta n c e  t o  b e  a ro m a t ic  i f  t h e r e  i s  a m e a su ra b le  
degree  o f  c y c l i c  d e l o c a l i s a t i o n  i n  t h e  T r-e lec tron  system  i n  t h e  g round 
s t a t e .  From t h i s  fo l low s  t h e i r  d e f i n i t i o n  t h a t  a  compound i s  a ro m a t ic  
i f  i t  can s u s t a i n  an induced  r i n g  c u r r e n t .  The m agn itude  o f  t h e  r i n g  . 
’ c u r r e n t  , and t h e  c o r re sp o n d in g  d e s h ie l d in g  o f  p ro to n s  i n  t h e  p la n e  o f  
th e  a rom atic  r i n g  i s  d i r e c t l y  r e l a t e d  t o  t h e  c y c l i c  d e l o c a l i s a t i o n  o f  
th e  7T ~ e le c tro n s , and t h e r e f o r e  t o  t h e  a r o m a t i c i t y  o f  t h e  compound. I t  
sho u ld  th u s  be p o s s i b l e  t o  c o r r e l a t e  th e  deg ree  o f  a r o m a t i c i t y  o f  a 
■'*compound w ith  t h e  chem ica l s h i f t  o f  a  s e l e c t e d  group  o f  i t â  p r o to n s  /- 
p ro v id ed  t h i s  s h i f t  can be  compared w i th  t h a t  o f  an an a lo g u e  u n a b le  t o  
s u s t a i n  a  r i n g  c u r r e n t .  T h is  c o r r e l a t i o n  s h o u ld  be  v e ry  u s e f u l ,  s in c e  
i t  i s  d i f f i c u ] . t  t o  measure a r o m a t i c i t y ,  f o r  exam ple, by t h e  re so n a n c e  
method in  th e  case  o f  w eakly  a ro m a t ic  compounds such  as  c e r t a i n '  
h e t e r o c y c l i c  m o le c u le s .  I n •f a c t , on s tu d y in g  v a r io u s  m e th y l  s u b s t i t u t e d  
i'I-rnethyl-2-p y r id o n e s  t h e s e  a u th o r s  o b ta in e d  c o n s i s t e n t  r e s u l t s  by  t h r e e  
methods o f  c a l c u l a t i o n ,  f in d i n g  t h a t  t h i s  ty p e  o f  m o lecu le  h as  35n o f  
■ t h e  a r o m a t i c i t y  o f  benzene . T h is  r e s u l t  was b a s e d  on t h e  f o l lo w in g  
r e a s o n in g .  : : '
The f i r s t  method o f  c a l c u l a t i o n  was as f o l l o w s .  The
d i f f e r e n c e  o f  t h e  chem ica l s h i f t  o f  t h e  m e th y l group i n  to l u e n e
compared t o  an " in  ch a in "  m e th y l group i n  a  c a r o t e n o id  was found  t o
■ . ■ .he O.H p .p .m . and t h e r e f o r e  t h i s  f i g u r e  was c o n s id e re d  t o  he  due t o  
t h e  d e s h ie ld in g  e f f e c t  o f  a  f u l l  r i n g  c u r r e n t ,  and was e q u a te d  w ith .
100# a r o m a t i c i t y .  The chem ica l s h i f t  o f  t h e  m e th y l p r o to n s  i n  t h e  
m ethy l s u b s t i t u t e d  H -m ethy l-2-p y r id o n e s  was th e n  m easured  and 
compared ag a in  w i th  t h e  m e th y l p ro to n  s h i f t s  i n  s u i t a b l e  n o n -a ro m a t ic  
m odels . The s h i f t  due to  th e  r i n g  c u r r e n t  th u s  o b ta in e d  f o r  t h e  
2-p y r id o n e s  was th e n  compared t o  0 .^  p . p . m . ,  and t h e  p e rc e n ta g e  
a r o m a t i c i ty  c a l c u l a t e d .  The c h o ic e  o f  t h e  n o n -a ro m a t ic  compounds i s  
v e ry  im p o r ta n t :  a  f u l l y  c o n ju g a te d  sy s tem  must be  p r e s e n t  i n  w hich
th e  bond h y b r i d i s a t i o n  must .be t h e  same as i n  t h e  compound t o  be  
m easqred , b u t  w i th o u t  th e  a b i l i t y  t o  s u s t a i n  a r i n g  c u r r e n t .  F o r  t h e s e  
models a p p r o p r ia te  m ethyl s h i f t s  w ere c a l c u l a t e d  from th e  known v a lu e s  
in  v a r io u s  c a r o t e n o id  m onoesters  and s i m i l a r  compounds. ^
In  a  second  method o f  c a l c u l a t i o n  t h e  ch em ica l  s h i f t  o f  
t h e  m ethyl p ro to n s  i n  an assumed fu3.1y n o n -a ro m a t ic  h e t e r o c y c l e  was 
" p r e d ic te d "  by  add ing  0 .4  p .p .m .  t o  t h e  m e thy l s h i f t  i n  m e th y l-  
p y r id i n e s .  The chem ical s h i f t s  i n  an e q u iv a le n t  f u l l y  a ro m a t ic  system  
were o b ta in e d  from t h e  q u a te rn a ry  m e th y lp y r id in iu m  s a l t s .  These two 
f ig u r e s  r e p r e s e n t  t h e  two e x t re m e s .  In -b e tw een  t h e s e  l i m i t s  l i e  t h e  
v a lu es  m easured f o r  t h e  m e thy l s u b s t i tu t e d _ N - m e th y l - 2- p y r i d o n e s , and 
th e  a r o m a t i c i ty  was th u s  c a l c u l a t e d .
The t h i r d  method in v o lv e d  t h e  measurement o f  t h e  chem ica l,  
s h i f t s  o f  t h e  r i n g  p ro to n s  r a t h e r  th a n  th e  m e thy l p r o t o n s ,  and  t h e s e  
were aga in  compared w ith  t h e  r i n g  p r o to n s  o f  s u i t a b l e  model compounds.
Tlie t h r e e  methods o f  c a l c u l a t i o n  gave r e a s o n a b ly  c o n s i s t e n t  
r e s u l t s .  '
By a  s i m i l a r  approach  Abraham e t  a l .®  e s t i m a t e d  t h e  a r o m a t i c i t y  
o f  fu ra n  and th io p h e n e ,  b u t  t h e i r  c h o ic e  o f  model compounds was t o t a l l y  
d i f f e r e n t .  F i r s t ,  t h e  chem ica l s h i f t  d i f f e r e n c e  betw een  t h a t  o f  t h e  
benzene p ro to n s  and t h a t  o f  t h e  2- p r o to n  in  c y c lo h e x a -1 , 3- d i e n e  was 
de te rm in ed ; t h i s  was th e n  compared w i th  t h e  s h i f t  d i f f e r e n c e  betw een t h e
2- p r o to n  i n  fn ra n  and 4 , 5 -d ih y d ro fu ra n  r e s p e c t i v e l y .  Using th e  
e q u iv a le n t  d ip o l e  app rox im ation  t h e  a r o m a t i c i t y  o f  f u r a n  r e l a t i v e  
t o  benzene was now c a l c u l a t e d .  T h is  c a l c u l a t i o n  in c lu d e d  th e  
r a t i o  o f  t h e  a r e a s  o f  th e  r i n g s ,  and  t h e  r a t i o  o f  t h e  d i s t a n c e s  o f  
t h e ,p r o t o n s  from t h e  c e n t r e  o f  t h e  r i n g s .  T h is  m ethod was now . ,.
a p p l ie d  in  t h e  case  o f  th io p h e n e ,  and t h e  2-m e th y l  s u b s t i t u t e d  
homologues. V alues were o b ta in e d  which s u g g e s te d  t h a t  t h e  a r o m a t i c i t y  
o f  fu ra n  and th io p h e n e  were r a t h e r  s i m i l a r  t o  t h a t  o f  b e n z e n e ,  
a l th o u g h  th e  d i f f e r e n c e s  i n  r e a c t i v i t y  and re so n a n c e  energy  ap p ea rs  
n o t  t o  ag ree  w i th  t h i s .  For t h i s  r e a so n  Abraham ^  a l .®  r e j e c t e d  
th e  method as a  q u a n t i t a t i v e  m easure o f  a r o m a t i c i t y .  F u r th e rm o re  th e y  
c r i t i c i s e d  E lv id g e  and Jackmann^s"^ d e f i n i t i o n  o f  a r o m a t i c i t y  b e ca u se  
[ i d ]  -  annu lene  has  a l a r g e k r in g  c u r r e n t  w h i le  {^4J -  annu lene  has 
none ,  y e t  b o th  t h e s e  compounds behave l i k e  p o l y o l e f i n e s .
In  r e p l y ,  Elvidge^® showed t h a t  t h e  s t r i k i n g  d i f f e r e n c e s  
between th e  n . m . r .  s p e c t r a  o f  t h e  an n u len es  in  f a c t  c l e a r l y  dem- 
s t r a t e d  th e  v a l i d i t y  o f  t h i s  d e f i n i t i o n  f o r  a r o m a t i c i t y .  ^  ^ The 
annulenes  were an example where t h e i r  t y p i c a l l y  p o l y o l e f i n i c  r e a c t i o n s  
com ple te ly  f a i l e d  to  r e v e a l  any d i f f e r e n c e s  between them , and th u s  t h e  
d e f i n i t i o n  o f  a r o m a t i c i t y  p u r e ly  from chem ica l  c r i t e r i a  was n o t  a  good 
one. The f a c t  t h a t  (^iSj -  an n u len e  which s u s t a i n s  a  r i n g  c u r r e n t  a l s o  
obeys Eückel*s r u l e ,  w h ile  -  annu lene  w ith  no r i n g  c u r r e n t  does
n o t ,  i s  a  co n v in c in g  d e m o n s t ra t io n  «that t h e  r i n g  c u r r e n t  e f f e c t  can be 
used  t o  judge  w h e th e r  o r  n o t  a  compound i s  a ro m a tic  by t h i s  d e f i n i t i o n .  
Abraham and h i s  c o l la b o ra to r s®  t h e r e f o r e  had  chosen  s i n g u l a r l y  
'u n s u i t a b l e  example's t o  " i l l u s t r a t e "  t h e i r  p o i n t .  S in ce  Elvidge^® 
re a so n s  t h a t  i t  i s  n e c e s s a ry  to  have a  f u l l y  c o n ju g a te d  m o lecu le  a s  a 
n o n -a ro m a tic  m odel, w i th  t h e  same bond h y b r i d i z a t i o n  as  t h e  a ro m a tic  
compound b u t  w i th  no p o s s i b i l i t y  o f  s u s t a i n i n g  a r i n g  c u r r e n t ,  he a l s o  
o b je c te d  t o  Abraham*s cho ice  o f  model compounds.
. )  ' ' '  ■ ' . ■T hus, a t  t h i s  s t a g e ,  a l th o u g h  t h e  argum ents  f o r  t h e  e x i s t e n c e
o f  t h e  r i n g  c u r r e n t  e f f e c t  w ere c o n v i n c in g , - th e  m agn itude  o f  i t s  ' 
d e s h ie ld in g  e f f e c t  s t i l l  had n o t  been  d e f i n i t e l y  e s t i m a t e d .  D a iley ,®  
how ever, p o in t e d  ou t a  r a t h e r  d i s t u r b i n g  f e a t u r e .  The r e s t  o f  t h e  
e l e c t r o n s  in  benzene  c o n t r i b u t e  e q u a l ly  t o  t h e  t h r e e  p r i n c i p a l  component;
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o f  th e  m agne tic  s u s c e p t i b i l i t y  t e n s o r ,  w h i le  th e  r i n g  c u r r e n t  
c o n t r ib u te s ,  o n ly  t o  th e  component p a r a l l e l  t o  an axis p e r p e n d i c u l a r  
t o  th e  p la n e  o f  the benzene r i n g .  Thus t h e  r i n g  c u r r e n t  c o n t r i b u t i o n  
Ax equals  %_ -  § (x + X, ) • However t h e  c a l c u l a t e d  value o f  Ax i s  
much s m a l l e r  th a n  th e  e x p e r im e n ta l  v a l u e ,  particularly i f  t h e  a c t u a l  
a r e a  o f  t h e  hexagon i s  used  i n  t h e  c a l c u l a t i o n .  Dailey® c a l c u l a t e d  
th e  a r e a  t o  be  % /3a^  where a  is t h e  C-C bond l e n g th  i n  ben zen e .
This i s  much s m a l le r  th a n  t h e  o r i g i n a l  v a lu e  o f  ira^ u s e d  in  P a u l i n g ’s 
c a l c u l a t i o n s ,  and th u s  Dailey® o b ta in e d  a  l a r g e r  d is c r e p a n c y  between 
h i s  c a l c u l a t e d  v a lu e  and t h e  e x p e r im e n ta l  v a lu e  th a n  P a u l in g  had 
o b ta in e d .  Dailey® used t h e  e x p e r im e n ta l ly  d e te rm in e d  Ax i n  c a l c u l a t i n g  . 
t h e  chem ica l s h i f t s  o f  protons on a  benzene  r in g  according t o  the 
e q u a t io n  ^  .
« = • [Axs \ ■
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where R i s  t h e  d i s t a n c e  from t h e  m o le c u la r  c e n t r e  t o  t h e  p o i n t  o f  
o b s e rv a t io n  and rl i s  Avogadro’ s number. The c a l c u l a t e d  ch em ica l  s h i f t s  
o b ta in e d  in  this way were much l a r g e r  than t h o s e  o b s e rv e d .
In  o rd e r  t o  e x p la in  t h e  d i s c r e p a n c ie s  betw een c a l c u l a t e d  and 
observed  chem ica l s h i f t s  and d ia m ag n e t ic  a n i s o t r o p i e s ,  Dailey® advanced  
an argument p u t  fo rw ard  by Hoarau  ^  ^ who s u g g e s te d  t h a t  o n ly  a  p a r t  o f  
t h e  t o t a l  a n i s o t r o p y  a ro s e  from ring c u r r e n t s ,  and t h a t  t h e  f u l l  
e x p re s s io n  f o r  Ax sh o u ld  read as fo l lo w s :
Ax = Ax^ + Ax^ + x^
G . . :where Ax i s  th e  contribution t o  t h e  a n i s o t r o p y  from a b onds .
Ax i s  the c o n t r i b u t i o n  t o  t h e  a n i s o t r o p y  from l o c a l i s e d  pir 
e l e c t r o n s .
• L . \ .
X i s  t h e  London c o n t r i b u t i o n  due t o  t h e  r i n g  c u r r e n t  o f  t h e
ï ï - e l e c t r o n s .
Dailey® d e r iv e d  a  f i g u r e  o f  - 3 3 .2 6  x 10“ ® f o r  x from quantum mechanical 
c a l c u l a t i o n s .  iJhen c a l c u l a t e d ,  v a lu e s  o f  Ax”*^ by P o p le ,^  ® and Ax° by 
Guy ejb a d .  ^ were added t o  x^> the t o t a l  v a lu e  Ax e q u a l l e d  - 5 6 .1  x 10"®, 
which was in  good-agreem ent w i th  th e  e x p e r im e n ta l ly  o b ta in e d  value o f  
- 5 9 .7  X 10-6 .  .
Thus th e  above s t a t e m e n t s ■can be  r a t i o n a l i s e d  as  fo l lo w s :
1) . The e x p e r im e n ta l ly  m easured  A% was l a r g e r
th a n  th e  c a l c u l a t e d  r i n g  c u r r e n t  a n i s o t r o p y  
b e c a u se  i t  i n c lu d e d  o t h e r  te rm s  from l o c a l  
a tom ic  c o n t r i b u t i o n s .  ' ■ .
2)  The c a l c u l a t e d  chem ica l s h i f t  was much 
l a r g e r  th a n  th e  e x p e r im e n ta l  chem ica l  s h i f t  
s in c e  i t  was b a s e d  on e q u a t io n  ( 4 ) ,  u s in g  
e x p e r im e n ta l ly  c a l c u l a t e d  a n i s o t r o p i e s .
From t h i s  o b s e r v a t io n  Dailey® s t a t e d  t h a t  t h e  p a r t  o f  t h e  d ia m a g n e t ic  
a n i s o t ro p y  which was e f f e c t i v e  i n  d e te rm in in g  t h e  s h i f t  due t o  t h e
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r i n g  c u r r e n t  was much n e a r e r  t h e  new v a lu e  o f  % (a p p ro x im a te ly  -3 0  x 
10” ®), and so c a l c u l a t e d  ch em ica l s h i f t s  sh o u ld  t h e r e f o r e  be  b a s e d  on 
t h i s  f i g u r e .  T h is  s u g g e s ts  t h a t ' o n ly  abou t 50# o f  t h e  o b se rv e d  v a lu e  
o f  th e  t o t a l  a n i s o t r o p y  o f  benzene  A% a r i s e s  from t h e  ^ - e l e c t r o n s  
in v o lv e d  in  t h e  r i n g  c u r r e n t .
I t  i s  n o t  c l e a r  why r a d h e r  th a n  R® h as  been  u sed  by
D ailey  in  e q u a t io n s  8 and p.® -
I t  must be  remembered t h a t  some a u th o rs  have m easured  Only
chem ical s h i f t  d i f f e r e n c e s  betw een f o r  example benzene  and condensed
r in g  h y d ro c a rb o n s . In  such  c a se s  o n ly  t h e  d i f f e r e n c e  in  t h e  l o c a l
'
bond a n i s o t r o p i e s  betw een benzene  and t h e s e  compounds would a f f e c t  t h e  
r e l a t i v e  s h i f t  v a lu e s :  h h e re  t h e  compounds a r e  c l o s e l y  r e l a t e d  t o
benzene ,  t h e  d i f f e r e n c e  in  t h e  l o c a l  a tom ic  c o n t r i b u t i o n s  a r e  l i k e l y  
t o  be v e ry  sm a l l  and w i l l  c o n t r i b u t e  l i t t l e  t o  t h e  r e l a t i v e  chem ica l  
s h i f t s .  When m o lecu le s  o f  n o n -a ro m a t ic  and a ro m a tic  s t r u c t u r e s  a r e  
compared, how ever, t h e s e  l o c a l  a tom ic  c o n t r i b u t i o n s  can p la y  a  much, 
l a r g e r  p a r t  owing t o  t h e  d i f f e r e n t  h y b r i d i z a t i o n  o f  t h e  carbon  atoms 
in  t h e s e  compounds.
Pople^® on t h e  o t h e r  hand c a l c u l a t e d  t h a t  t h e  c o n t r i b u t i o n , o f  
l o c a l  p a ram ag n e t ic  te rm s  t o  t h e  o v e r - a l l  a n i s o t r o p y  o f  benzene  i s  
ap p ro x im a te ly  30# o f  t h e  t o t a l ,  t h e  rem a in d e r  b e in g  due t o  t h e  r i n g  
c u r r e n t .  In  t h i s  c a l c u l a t i o n  he  n e g l e c t e d  t h e  l o c a l  d ia m a g n e t ic  
c o n t r i b u t i o n s  t o  t h e  s u s c e p t i b i l i t y  o f  b e n z e n e ,  s i n c e  he s t a t e d  t h a t  most 
o f  th e  a n i s o t r o p y  a ro s e  from t h e  p a ra m a g n e tic  te rm s .
, -  ' .A..'
F u r th e r  c a l c u l a t i o n s  on t h e  e f f e c t  o f  t h e  l o c a l  a tom ic  
te rm s were c a r r i e d  o u t  hy  Ferguson  and Pople .^®  S ince  t h e  r i n g  
c u r r e n t  i s  z e ro  f o r  d i r e c t i o n s  i n  t h e  m o le c u la r  p la n e , ,  th e y  f i r s t  
a t te m p te d  t o  c a l c u l a t e  t h e  a n i s o t r o p y  o f  s u s c e p t i b i l i t y  i n  t h e s e  
d i r e c t i o n s .  The c a l c u l a t e d  s u s c e p t i b i l i t y  v a lu e s  th u s  r e p r e s e n te d -  
on ly  l o c a l  a tom ic  c o n t r i b u t i o n s ,  and were in  f a i r l y  good agreem ent 
w ith  th o s e  o b ta in e d  from s u s c e p t i b i l i t y  m easurem ents o f  m o le c u la r  
c r y s t a l s  i n  t h e  m o le c u la r  p la n e  (x and y  d i r e c t i o n ) .  F or t h e  z 
d i r e c t i o n  t h e  d i f f e r e n c e  betw een  t h e  o b se rv ed  s u s c e p t i b i l i t i e s  and 
th o s e  c a l c u l a t e d  f o r  l o c a l  a tom ic  c u r r e n t s  s h o u ld  e q u a l  t h e  
s u s c e p t i b i l i t y  due t o  th e  r i n g  c u r r e n t .
The r e s u l t s  co n firm ed  t h a t  a  c o n s id e r a b le  p a r t  o f  t h e  ’ 
t o t a l  a n i s o t r o p y  was due t o  l o c a l  p a ram ag n e t ic  te rm s ',  a g a in  showing 
t h a t  th e  c o n t r i b u t i o n  o f  i n t e r a to m ic  r i n g  c u r r e n t s  was l e s s  th a n  had  
been p r e v io u s ly  th o u g h t .
M usher,!® how ever,  c h a l le n g e d  th e  whole id e a  o f  a r i n g  . 
c u r r e n t  w i th  t h e  s ta t e m e n t  t h a t  t h e  a n i s o t r o p i c  m a g n e tic  s u s c e p t i b i l i t y  
o f  a ro m a tic  hyd ro ca rb o n s  co u ld  be  r e p r e s e n t e d  as t h e  sum o f  t h e  '
c o n t r i b u t i o n s  from l o c a l i s e d  it and a e l e c t r o n s ,  and t h a t  t h e  d é l o c a l i s a ­
t i o n  o f  e l e c t r o n s  d id  n o t  p la y  any p a r t  i n  t h e  e f f e c t .  He m a in ta in e d
t h a t  th e  s u s c e p t i b i l i t y  due t o  t h e  r i n g  c u r r e n t  e x a c t l y  e q u a ls  t h e  sum
o f  t h e  s u s c e p t i b i l i t i e s  o f  e l e c t r o n s  l o c a l i s e d  in  segm ents o f  a  r i n g .
G a id is  and West^^ l a t e r  d i s a g r e e d  w ith  t h i s  v iew , and n o te d  
t h a t  w h ile  M usher’ s^® summation o f  a n i s o t r o p i e s  f o r  a  m o lecu le  co u ld  
co n ce iv ab ly  acc o u n t f o r  t h e  d o w n fie ld  s h i f t  o f  a ro m a t ic  p r o t o n s ,  h i s  
method d id  n o t  p r e d i c t  t h e  l a r g e  u p f i e l d  s h i f t s  sho\m by  p ro to n s  i n  t h e  
c e n t r e  o f  an a ro m a t ic  r i n g .
Tiiey a rgued  t h a t  t h e  r i n g  c u r r e n t  was t h e  o n ly  co n cep t which 
p ro v id e d  a  s a t i s f a c t o r y  e x p la n a t io n  f o r  t h e  l a r g e  d ia m a g n e t ic  s h i f t s  o f
p ro to n s  i n s i d e  o r  im m ed ia te ly  above an a ro m a t ic  r i n g ,  and conc lu d ed
.  * ■ ' _ ' ' t h a t  t h e  r i n g  c u r r e n t  model i s  o f  g r e a t  p r a c t i c a l  u s e ;  i t  Would be
unwise t o  r e f u t e  th e  e f f e c t  u n t i l  a  new model i s  found w hich can l e a d
to  more a c c u r a t e  p r e d i c t i o n s .
. Figeys^® a l s o  c a l c u l a t e d  t h e  m agnitude o f  t h e  r i n g  c u r r e n t • 
e f f e c t  hy  McWeeny’s second  o r d e r  p e r t u r b a t i o n  t h e o r y ,  and came t o  t h e  
c o n c lu s io n  t h a t  in  t h e  benzene m o lecu le  i t  e q u a l l e d  abou t 1 .1 5  p .p .m .  
T his  f i g u r e  i s  in  l i n e  w i th  t h a t  s u g g e s te d  by Dailey® and Pople,^®  
and much l e s s  th a n  th e  c o n v e n t io n a l  f i g u r e  o f  I .5 0  p .p .m .®
Thus, a  g r e a t  d e a l  o f  c o n f l i c t i n g  in fo rm a t io n  i s  q u o te d  in  
t h e  l i t e r a t u r e ,  and t h e  c o n t ro v e r s y  i s  f a r  from r e s o lv e d .  I t  would 
seem from t h e  above in f o r m a t io n ,  how ever, t h a t  t h e  r i n g  c u r r e n t  i s  
s t i l l  t h e  model which acc o u n ts  most s a t i s f a c t o r i l y  f o r  t h e  s h i e l d i n g  
and d e s h ie ld in g  in  t h e  p ro x im i ty  o f  a ro m a tic  r i n g s , b u t  t h a t  t h e  
p ro p o r t io n  o f  th e  chem ica l s h i f t  caused  by  t h e  r i n g  c u r r e n t  i s  y e t  
t o  be  s e t t l e d .  ‘ .
1.6  -
, CALCULATION OF AROMATICITY FROM N.M.R. CHEMICAL SHIFTS
The measurement o f  a r o m a t i c i t y  by n u c l e a r  m agne tic  re so n a n c e  has  • 
been d i s c u s s e d  f u l l y  in  th e  i n t r o d u c t i o n .  The o b j e c t  o f  t h e  p r e s e n t  
work was an a t te m p t  t o  c a l c u l a t e  th e  a r o m a t i c i t y  o f  c e r t a i n  
h e t e r o c y c l i c  system s by th e  method o f  E lv id g e  and Jackmann.'^ The 
chosen compounds were
1) Two iso m e r ic  m e th y l-N -m e th y l-4 -p y r id o n e s
2) ’ Three i so m e r ic  m e thy l--N -m ethy l-4 -qu ino lones
- y \ - '
3) Four i s o m e r ic  m e th y l-N -m e th y l-2 -q u in o lo n e s .
In  a d d i t io n  th e  th io - a n a lo g u e s  o f  th e  above compounds were i n c l  ided 
in  th e  c a l c u l a t i o n s .
I t  was d ec id ed  t o  b a s e  t h e  c a l c u l a t i o n s  on v a lu e s  o b ta in e d  from th e  
p ro to n s  o f  t h e  C-m ethyl s u b s t i t u e n t s ,  r a t h e r  th a n  from t h e  T v a lu e s  
o f  t h e  a ro m a tic  p ro to n s  t h e m s e lv e s , f o r  t h e  r e a s o n  t h a t  t h e  m e th y l 
p ro to n s  a re  l e s s  in f lu e n c e d  by th e  i n d u c t iv e  and mesomeric e f f e c t s  
o f  a d ja c e n t  groups th a n  t h e  r i n g  p r o to n s .
In th e  4-p y r id o n e  s e r i e s ,  th e  m e th y l g roups a re  d i r e c t  « s u b s t i tu e n ts  
o f  th e  h e t e r o c y c l i c  r i n g  i t s e l f .  In  th e  q u in o lo n e  s e r i e s  th e  m e thy l 
a b s o rp t io n s  chosen f o r  t h e  c a l c u l a t i o n s  were th o s e  o f  groups 
s u b s t i t u t e d  in  t h e  benzene r i n g  o f  t h e  m o le c u le .  S ince  t h e  T v a lu e s  
o f  th e  qu in o lo n e  m e thy l g roups  a r e  n o t  o n ly  dependen t on th e  r i n g  t o  
w h ic h . th e  group i s  a t t a c h e d ,  b u t  a l s o  p a r t l y  on th e  a d j a c e n t  h e t e r o c y c l i c  
r i n g ,  i t  was hoped t o  c o r r e l a t e  t h e s e  v a lu e s  w ith  t h e  a r o m a t i c i t y  o f  
t h e  p y r id o n e  r i n g  o f  th e  q u in o lo n e s .  In  o rd e r  t o  do t h i s  th e  m e thy l 
chem ica l s h i f t s  o f  th e  above m o lecu le s  were compared w ith  th e  ch em ica l  
s h i f t s  o f  m e thy l s u b s t i t u e n t s  in  a )  com parable m o le c u le s  i n  which th e  
h e t e r o c y c l i c  r i n g  has  been r e p l a c e d  b y ' a  f u l l y  n o n -a ro m a t ic  sy s tem ; and
-  IT
Td) com parable f u l l y  a ro m a tic  m o le c u le s .  The T v a lu e s  o f  th e  
p y r id o n e s ,  q u in o lo n e s  and t h e i r  c o r re s p o n d in g  th io -com pounds  sh o u ld  
th e r e f o r e  f a l l  in  between t h e s e  two ex trem e v a l u e s ,  and from a 
com bination  o f  t h e s e  t h r e e  f i g u r e s  t h e i r  p e r c e n ta g e  a r o m a t i c i t y  can 
be c a l c u l a t e d .
G rea t c a re  has  t o  be ta k e n  in  c h o o s in g  model compounds; t h e i r  
g e o m e tr ic a l  r e l a t i o n s h i p s  must be as s i m i l a r  as  p o s s i b l e  t o  t h a t  o f  
th e  h e t e r o c y c l i c s . The p e r f e c t  n o n -a ro m a t ic  model sh o u ld  have th e  
same bond h y b r i d i z a t i o n  as  t h e  a ro m a tic  m odel,  b u t  w i th o u t  th e  
p o s s i b i l i t y  o f  s u s t a i n i n g  a r i n g  c u r r e n t .  - . . .
For th e  sake o f  c o n v e n ie n c e ,  t h e  q u in o lo n e s  w i l l . b e  d i s c u s s e d  • •
b e fo re  th e  p y r id o n e  s e r i e s .  "
AROMATICITY CALCULATIONS FOR QUINOLONES AND THIO-ANALOGUES
A. N on-arom atic  Model Compounds For D im e thy l-2  ( o r  ^ ) -  
, q u in o lo n e s  And T h io -a n a lo g u e s  =
The b e s t  models f o r  t h e  m e th y l-N -m e th y l-2 -q u in o lo n e s  were c o n s id e r e d  
to  be th e  iso m e r ic  1 , 2- d ih y d r o - t r i m e t h y l~ 2-o x o n a p h th a le n e s ,
2 -Q u ino lones •N o n -a ro m a t ic  m odels
CHq
CH CH
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In  th e  d ih y d ro n a p h th a le n o n e s  r i n g  B i s  n o n -a ro m a t ic ;  t h i s  i s  th e  
c l o s e s t  model i n c o r p o r a t i n g  t h e  f e a t u r e s  o f  t h e  h e t e r o c y c l i c  r i n g  
in  th e  q u in o lo n e  w ith o u t  t h e  a b i l i t y  to  s u s t a i n  a  r i n g  c u r r e n t .  
A lthough th e  model has  t h e  c o r r e c t  a n i s o t r o p i e s  s in c e  i t  c o n ta in s  
a C=C and a C=0 (o r  C=S)-group, a c o r r e c t i o n  must be made f o r  th e  
absence o f  n i t r o g e n  in  t h i s  m o le c u le .  T h is  can be  done in  th e  
fo l lo w in g  m anner.
Comparison o f  t h e  m e thy l ch em ica l  s h i f t s  o f  a  s e r i e s  o f  x y le n e  
isom ers and t h e i r  c o r re s p o n d in g  t o l u i d i n e  isom ers  p ro v id e s  th e  
increm en t i n  t h e  chem ica l s h i f t  o f  th e  one m e thy l group due t o  t h e  
change from an s p -  carbon t o  an s p -  n i t r o g e n  atom a t  th e  o th e r  
p o s i t i o n .
CH.
In  th e o ry  a more c o r r e c t  model sh o u ld  r e c o r d  t h e  change in  th e  
methyl ch em ica l  s h i f t  between an i s o p r o p y l t o l u e n e  and a t o l u i d i n e ,  
s in c e  t h i s  would r e p r e s e n t  a t r u e  re p la c e m e n t  o f  a  ca rbon  b e a r i n g  a 
gem -dim ethyl by n i t r o g e n .
CH-
\
CHg
CH.
CH.
"NH-
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In  p r a c t i c e ,  however, t h e  d i f f e r e n c e  in  n e g l i g i b l e .
The T v a lu e s  o f  t h e  xy len e  isom ers  a n d . th e  t o l u i d i n e s  a re  shown in  
Table 1 .
Table  1
Methyl Chemical S h i f t s .  T Values (CCI^)
X ylenes  T o lu id in e s  AT
O rtho Isom er 7 .75  7 .9 5  +0.20
Meta Isom er 7»70 7*^0 ■ +0.1Q
P a ra  Isom er ’ 7 .7 0  , . 7 .8 0  . +0.10
O b v io u s ly ,  t h e r e f o r e ,  t h e  re p la c e m e n t  o f  th e  m ethy l group by th e
amino group r e s u l t s  in  a d ia m ag n e t ic  s h i f t  due to  th e  mesomeric e f f e c t
. ■
o f  th e  l a t t e r .  In  o rd e r  t o  a p p ly  th e  c o r r e c t i o n ,  th e  in c rem en t f o r  
th e  a p p r o p r i a t e  isom er from T ab le  1 w i l l  have t o  be added t o  t h e  T 
m e thy l v a lu e s  o f  t h e  d ih y d ro n a p h th a le n o n e s .  This  f i n a l  f i g u r e  sh o u ld  
th e n  c o r re sp o n d  t o  t h e  m e th y l chem ica l s h i f t  o f  a p e r f e c t  n o n -a ro m a t ic  
model f o r  t h e  2 -q u in o lo n e s .  The same re a s o n in g  a p p l i e s  t o  a l l  t h e  
o th e r  compounds d is c u s s e d  i n  t h i s  s e c t i o n .
. C .
Table  2 g iv e s  th e  o bse rved  v a lu e s  o f  th e  q u in o lo n es  and t h e i r  
t h i o - a n a l o g u e s ,  and th e  o b se rv e d ,a n d  c o r r e c t e d ,  s h i f t s  f o r  t h e i r  
■ corresponding  n o n -a ro m a tic  model compounds. ( See.page 2 0 ) ' .
B. A rom atic  Model Compounds For Dimet h y l - 2  (o r  ^ ) -n u in o lo n e s  
And T h io -an a lo g u e s
I f  t h e  2 -q u in o lo n e s  e x i s t  c o m p le te ly  in  th e  a ro m a tic  form t h e i r ,  
s t r u c t u r e s  would be o f  th e  fo l lo w in g  ty p e .
CH
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T ab le  2
V alues
Th î o - a n a l o g u e  
o f  CO lumn 4T o f  thlo-Me
a n a l o g u e  o f  
column I
Compound Compound
Me CorrMe
CorrMe
7.23 7 .24 7.36 7.56 7 .36 7.56
7 .50 7.51 7.57 7.67 7 ,60 7.70
CH
7.55 7 .53 7.60 7.70 7.57
CH.
7.28 7 .2 8 7.41 7.61 7.52
7 ,467.49 7.60 7.70 7 .60 7 .70
7.59 7 ,56 7.63 7.73 7.62 7,72
7.41 7.52 7.62 7.51 7.617.45
CH.
- 2 1
T his  f u l l  c h a rg e  s e p a r a t i o n  would g iv e  a f u l l  r i n g  c u r r e n t  i n  t h e  
h e t e r o c y c l i c * r i n g .  S im i la r  m odels co u ld  a l s o  be drawn f o r  th e  o th e r  
compounds in. t h i s  s e r i e s .  In  o r d e r  t o  c a l c u l a t e  t h e  C-m ethyl s h i f t s ,  
t h e  T v a lu e s  o f  th e  a p p r o p r i a t e  m e th y ln a p h th a le n e s  were f i r s t  
m easured . A c o r r e c t i o n  was th e n  made, in  a  s i m i l a r  manner a s  f o r  t h e  
n o n -a ro m a tic  m o d e ls ,  hy a c c o u n t in g  f o r  th e  e f f e c t  caused  hy r e p l a c i n g  
th e  ca rhon  atom in  t h e  n a p h th a le n e  n u c le u s  hy a n i t r o g e n  c a t i o n .  This  
c o r r e c t i o n  was o b ta in e d  hy com paring t h e  chem ica l  s h i f t  in c re m e n ts  
betw een a  s e r i e s  o f  x y le n e  iso m ers  and a s e r i e s  o f  t o l u i d i n e  c a t i o n s ,  
an in  T ab le  3 .
T ab le  3
TC-Methyl V alues
1 : 2 ' 3
X ylenes T o lu id in e  C a t io n s  (CF3COOH) AT
O rtho 7 .75 7.5% - 0 .2 1
Meta 7 .7 0 7 .5 8 - 0 .1 2
P ara 7 .7 0 7 .5 8 - 0 .1 2
ÏÏ.B. I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  i d e n t i c a l  v a lu e s  
w ere o b ta in e d  f o r  t h e  m e thy l chem ica l s h i f t s  o f  
t h e  x y le n e  isom ers  in  b o th  carbon  t e t r a c h l o r i d e  
and t r i f l u o r a c e t i c  a c i d .
S ince  th e  c h e m ic a l  s h i f t  v a lu e s  o f  m e thy l g roups  in  1- a n d  2 -m e th y ln a p h th a le n e  
a r e  T 7 .^8  and T 7*52 r e s p e c t i v e l y ,  i t  i s  now m e re ly  a  m a t t e r  o f  s u b t r a c t i n g  
th e  a p p r o p r i a t e  in c re m e n ts  (T ab le  3 Column 3) from th e  m e th y ln a p h th a le n e  
v a lu e s  t o  o b t a i n  c a l c u l a t e d  C-m ethyl T v a lu e s  f o r  a f u l l y  a ro m a tic  system . 
These a r e  l i s t e d  i n  Table  : column 1 g iv e s  th e  ob se rv ed  T v a lu e s  of. t h e  
m e th y ln a p h th a le n e 3 , column 2 t h e  c o r r e c t e d  T v a lu e s  and column 3 shows t h e  - - 
f u l l y  a ro m a t ic  h y p o t h e t i c a l  m o lecu le  which t h e s e  T v a lu e s  shou ld  r e p r e s e n t .
-  22 -
T ab le  11
^M ethyl Of F u l ly  Arom atic M olecu les
C o r re c te d
ValueMet h y ln  a p h t  h a l  en e Compound
7.277.48
CH, CH.
7.407.52
7.407.52
7.277 .48
^  .  I  '  ^
1 0  -
C H ,
7.40
7.407.52
7.367.48
CH
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Thus, we have a s e r i e s  o f  ob se rv ed  T v a lu e s  f o r  t h e  h e t e r o c y c l i c  
compounds, and c a l c u l a t e d  T v a lu e s  f o r  b o th  f u l l y  n o n -a ro m a t ic  and 
f u l l y  a ro m a t ic  model compounds and th e s e  a r e  p r e s e n te d  t o g e t h e r  in  
Table 5* (See Page 2%)
C. C a l c u l a t i o n s  Of A ro m a t ic i ty
I f  t h e  m e th y l  ch em ica l  s h i f t  o f  t h e  n o n -a ro m a tic  model i s  T^, and 
t h a t  o f  t h e  a ro m a tic  model T^, and i f  t h e  h e t e r o c y c l i c  system  un d er  
d i s c u s s io n  has  a f r a c t i o n a l  a r o m a t i c i t y  x ,  i t s  c a l c u l a t e d  T v a lu e  
w i l l  be o b ta in e d  from t h e  fo l lo w in g  e q u a t io n :
= T, -  X (T, -  T„) (5)
■Calc = " k i c k
Calc A ' ^A
I f  th e  system  i s  f u l l y  a ro m a tic  i_.e_. x = 1 ,  th e n
i s ,  by d e f i n i t i o n ,  t h e  chem ica l s h i f t  o f  th e  f u l l y  a ro m a tic  m odel.
I f ,  on t h e  o th e r  hand ,  th e  system  i s  n o n -a ro m a t ic  x = 0 ,  th e n
T_ T  =  T. which i s ,  by d e f i n i t i o n ,  th e  ch em ica l s h i f t  o f  ou r  f u l l y  Calc A 5 ^
n o n -a ro m a tic  m o le c u le .  I t  has  been e s t a b l i s h e d  by t r i a l  and e r r o r
t h a t  th e  v a lu e  o f  x  which g iv e s  t h e  b e s t  o v e r a l l  agreem ent between
. and f o r  a l l  isom ers  i s  as  fo l lo w s  :Calc Obs
Table 6
Compounds F r a c t i o n a l  A ro m a t ic i ty  (x) Of H e te ro c y c l ic  Ring % A ro m a t ic i ty
D im e th y l-^ -q u in o lo n e s Ô.T5 75
D im e th y l-2 -q u in o lo n e s 0 .7 0 70
D im e th y l - ^ - th io q u in o lo n e s 0 .75 ■ 75
D5.methyl-2~th io  q u in o lo n e  s 0.7% (5) l i s
The , f i g u r e s ,  c a l c u l a t e d  i n  t h i s  manner, a r e  compared with T
Calc ^ , . . ,  . . Ubs
in Table T. (See Page 25)
—  2^ —
Table 3
V aluesC-Methyl
T h l o - a n a to q u e  
Obs ^
o f  column I
N o n -a r o m a t ic  Model
Compound Obs C a lc
a r o m a t i c  model
T h i o n e sK e to n e s
7.567.567.277.247.23
7 .707.677 ,407.517 .50
CH^
7.677 .707.407 .537.55
7.527.617.277.287.28
CH
7 .70 7 .707,407,467,49
CH
I
7.73 7.727,407,567,59
N
(ÎH,
CH
7,62 7 . 6 !7.367.417.45
-  25 -
Table 7
Compound C o r r e s p o n d in g  t h i o n e s  o f  column I 
TCa I c T o b s  TCalc~^Obs-Ca Ic Obs
7.34 7.23 7.34+0.1 I 7.24 +0.10
7.47 7.47  (5 )7 .50 •0,03 . - 0 . 0 5 (5 )7.51
7 . 47(5) - 0 . 07 (5)7.55 7.47 7.53 - 0.06
7.37 7 .337.28 7.28 +0.05+0.09
7.49 7.487.49 7.460.00 +0.02
I
O H ,
7 .48 7 .56 0.08- 0.097.597.50
7.42 7.41 +0.01- 0.017.457 .44
-  26 -
The same r e s u l t  v o u ld ,  o f  c o u r s e ,  be o b ta in e d  as f o l lo w s .  F i r s t
V th e  v a lu e  f o r  t h e  f u l l y  a ro m a tic  m o lecu le  ( Tab le  5 Column k ) i s
s u b t r a c t e d  f r o m ; th e T ^ ^  v a lu e  f o r  th e  f u l l y  n o n -a ro m a tic  m o lecu le
(T ab le  5 Columns 5 and 6 ) .  This  i s  assumed t o  be t h e  s h i f t  p roduced
by the ring current deve loped  in  th e  f u l l y  a ro m a tic  m o le c u le . The" '
v a lu e s  o b s e rv e d  f o r  t h e  h e t e r o c y c l i c  compounds in  q u e s t io n  •
(Table  5 Columns 2 and 3) a r e  now s u b t r a c t e d  from th e  v a lu e  o f
' Me
t h e ' f u l l y  n o n -a ro m a t ic  m o lecu le  (T ab le  5 Columns: 5 and 6 ) ,  which 
shou ld  g iv e  t h e  s h i f t  p roduced  by th e  r i n g  c u r r e n t  o f  th e  heterocyclic 
r i n g ,  w hich has  o n ly  p a r t i a l  a r o m a t i c i t y .  Comparison o f  t h e  two 
values therefore gives the f r a c t i o n a l  a r o m a t i c i t y .
I t  i s : r a t h e r  s u r p r i s i n g  t h a t  such h ig h  v a lu e s :w e re  o b t a i n e d ; f b r ^ t h e  
a r o m a t i c i t y  o f i t h e  h e t e r o  r i n g  in  t h e ’ q u in o lo n e s  and t h e i r ; t h i o - '  ‘ 
analogues/ These v a lu e s  were c a l c u l a t e d  b ÿ ; co m p ar in g - th e  chem ica l 
s h i f t s  o f  m e thy l s u b s t i t u e n t s  o f  th e  q u in o lo n e s ,  w i th  t h o s e  o f  
s u i t a b l e  model compounds a l s o  c o n ta in in g  a benzene r i n g ,  and;whose 
s u b s t i t u e n t s  cou ld  r e a s o n a b ly  be assumed to  have th e  same anisotropy 
e f f e c t s  as  t h e  o bonds in  th e  h e t e r o c y c l i c  r i n g  o f  t h e  q u in o lo n e s .
Any change ,  t h e r e f o r e ,  o f  chem ica l s h i f t  v a lu e s  sh o u ld  r e f l e c t  th e  
a r o m a t i c i t y  o f  th e  h e t e r o c y c l i c  r i n g  o n ly .  2-P y r id o n e s  have c . a .  35^ 
o f  t h e  a r o m a t i c i t y  of benzene;? J |-p y r id o n es  have been  found  ( s e e  l a t e r )  
t o  have l 6^; o f  t h e  a r o m a t i c i t y  o f  b e n z e n e j  and v a lu e s  - fo r  the; h e te ro .  
r i n g  o f  t h e  2- and ^ -q u in o lo n e s  would have been  expect e d; t o  be o f  a 
s im i la r :  o r d e r .  _■ . . .
F u rtherm ore  t h e " p r e s e n t  r e s u l t s  a re  n o t  in  ag reem en t w i th  t h o s e  of 
F o s t e r , f o u n d  t h a t  t h e  a r o m a t i c i t i e s  o f  t h e  h e t e r o  r i n g  o f  
b enzo fu ran  and b en zo th io p h en e  de te rm in ed  by a  method an a lo g o u s  t o  t h a t  
used h e re  were v e ry  s i m i l a r  to  th o s e  of furan.and thiophene r e s p e c t i v e l y .
I t  will be observed that t h e  % a r o m a t i c i t i e s  q u o te d  in  T ab le  6 w ere  
derived by c h o o s in g  a f i g u r e  which would g iv e  t h e  best result betw een 
c a l c u l a t e d  and observed ch em ica l s h i f t  v a lu e s  for, a l l . t h e - i s o m e r s  .
p re p a re d  w i th i n  a g iven  s e r i e s  o f  compounds. The f r a c t i o n a l  a r o m a t i c i t y
o b v io u s ly  can n o t v a ry  from one m e thy l isom er t o  a n o th e r  ; t h i s  
av e rag e  v a lu e  w i l l  t h e r e f o r e  be ta k e n  to  be t h e  c o r r e c t  f i g u r e  f o r  
one p a r t i c u l a r  s e r i e s .  D e v ia t io n s  a r e ,  how ever, observed^ from  th e  
m easured  ch em ica l  s h i f t s ,  when t h e  above av e rag ed  % a r o m a t i c i t y  
f i g u r e s  a r e  u sed  t o  c a l c u l a t e  s e p a r a t e l y ,  f o r  each  iso m e r ,  th e  
chem ica l s h i f t  ex p e c te d .  These chem ica l s h i f t  d e v i a t i o n s  a r e  
shown b e lo w , remembering t h a t  th e y  a r e  c a l c u l a t e d  from th e  re so n an ce  
o f  t h e  m e th y l  g roup s u b s t i t u t e d  in  t h a t  p o s i t i o n .
- 0.07
-0 .03
+0.11
- 0.01
-0 .0 9
0.00
+0.09
-~0 • Oo
-0 .03
+0.10
+0101
-0 .0 8
+0 .02
+0 .0 5
The c o n v e n t io n  u sed  in  t h i s  c a s e  i s  t o  a s s ig n  a  p o s i t i v e  v a lu e  to  
t h e  d e v i a t i o n  when t h e  ob se rv ed  ch em ica l s h i f t  i s  a t  low er  f i e l d  th an  
t h a t  e x p e c te d .  T h is  i s  in  agreem ent w i th  l e s s  s h i e l d i n g  and t h e r e f o r e  
co rre sp o n d s  to  an e l e c t r o n  d e f i c i e n c y .
These d e v i a t i o n s  a r e  r e a s o n a b ly  r e g u l a r ,  b o th  on chang ing  from one 
isomer t o  a n o th e r  w i th i n  a  g iven  s e r i e s ,  and a l s o  betw een e q u i v a l e n t  
isom ers  i n  th e  fo u r  d i f f e r e n t  ty p e s  o f  compounds. They p e rh ap s ' r e f l e c t  
a r e l a t i v e  e l e c t r o n  d e n s i t y  d i s t r i b u t i o n  in  t h e s e  m o lecu le s  f o r  which 
th e  model compounds f a i l  p r o p e r ly  t o  com pensa te .  S in ce  t h e  av e ra g e  
chem ica l s h i f t  -  e l e c t r o n  d e n s i t y  r a t i o  i s  9*3 p .p .m .  p e r  e l e c t r o n i c  
c h a rg e ,  t h e  r e l a t i v e  e l e c t r o n  d e n s i t i e s  a t  t h e  m e thy l p ro to n s  a r e  as
fo l lo w s
0 .0 0 6008
0.0030.003
+ 0.011+0 .012
+0 .001  
0 .009  r
0 .001
0 .0 1 0
+0.0020 .0 0 0
+0 .0 1 0 CECE
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Assuming t h a t  t h i s  e f f e c t  i s  a t t e n u a t e d  by one t h i r d  f o r  each  bond , 
th e  f o l lo w in g  f i g u r e s  r e p r e s e n t  th e  r e l a t i v e  e l e c t r o n  d e n s i t i e s  a t  
t h e  r i n g  c a rb o n s .  .
- 0.07
- 0.03
+0 . 1!
- 0.01
- 0.09
0 ,05
- 0.03  1^ ^
+0 .10 I
CH.i
+0.01
+0.09
- 0.08
+0.02
+0.05
A lthough  th e  r e l a t i v e  e l e c t r o n  d e n s i t i e s  a t  t h e  p o s i t i o n s  m eta  and 
p a ra  t o  t h e  n i t r o g e n  a r e  in  t h e  c o r re c t  o r d e r ,  t h e  p o s i t i o n  o r th o  to  
th e  n i t r o g e n  i s  e l e c t r o n  d e f i c i e n t  which i s  c o n t r a r y  t o  t h e  s i t u a t i o n  
in  q u i n o l i n e ,  f o r  which t h e  n e t t  ch arge  diagram  i s  as  shown below ( l ) . ^ ^
+0.02 +0.1L
0.00 0 .0 0
+0.16+0.03
— 0.01  — 0 .^1
(1)
.CH,
( 2 )
To compare th e  e l e c t r o n  d e n s i t y  o f  q u in o l in e  i t s e l f  w i th  th o s e  o f  th e  
q u in o lo n es  in  t h e i r  a ro m a tic  form (2)J i s ,  however, n o t  s t r i c t l y
r e l e v a n t .  A b e t t e r  com parison  would be w i th  m e th y lq u in o l in iu m  s a l t s ,  
b u t  u n f o r t u n a t e l y  t h e  f i g u r e s  a r e  a t  p r e s e n t  n o t  a v a i l a b l e .  A 
d e s h ie ld in g  e f f e c t  on th e  a d j a c e n t  pro ton  8 e x e r te d  by th e  p o s i t i v e  
charge  on t h e  n i t r o g e n  in  th e  s a l t s  i s  ex p ec ted  and t h i s  m igh t be 
com parable w i th  t h e  p r e s e n t  f i n d i n g s .
—  29
AROMTICITY CALCULATIONS FOR 1 ,  2 (AND 3 )-DIMETEYL-4-PYBID0NE .
AND CORRESPONDmO THIO-ANALOGUES : \
: Two m ethods have been used  f o r  t h e s e  c a l c u la t io n s . .
a ) The o b se rv ed  v a lu e s  f o r  t h e  p y r id o n e s  and t h i o p y r id o n e s  in  . 
q u e s t io n  have been  compared w i th  b o th  a  f u l l y  a ro m a tic  and a f u l l y  
n o n -a ro m a tic  an a lo g u e .  The d i f f e r e n c e  betw een t h i s  method and t h a t  
used f o r  t h e  q u in o l o n e s , l i e s  o n ly  in  t h e  f a c t  t h a t  f o r  t h e  l a t t e r  
compounds a  f u l l y  n o n -a ro m a t ic  model compound was a c t u a l l y  p r e p a r e d .
In  th e  p y r id o n e  and th io p y r id o n e  s e r i e s  t h e  m e thy l s h i f t  v a lu e s  o f  t h e  
c o r re s p o n d in g  f u l l y  n o n -a ro m a tic  models were c a l c u l a t e d  by add ing  
O.H p .p .m . t o  th e  r e p o r t e d  v a lu e s  o f  2 -m e th y l-a n d  ' 3 - m e t h y lp y r id i n e , 
assuming p y r i d i n e  t o  be as  f u l l y  a ro m a tic  a s  b e n z e n e .?  (O.^ p .p .m .  
i s  th e  r i n g  c u r r e n t  c o n t r i b u t i o n  t o  th e  ch em ica l  s h i f t  v a lu e  o f  t h e  
m ethyl g roup  in  t o l u e n e ) .
The methyl s h i f t s  f o r  th e  f u l l y  a ro m a tic  models were o b ta in e d  from 
th e  c o r r e s p o n d in g ly  s u b s t i t u t e d  m e th y lp y r id in iu m  s a l t s .  T h is  was 
d i r e c t l y  ana logous  t o  the m odels used in  th e  q u in o lo n e  s e r i e s ,  except 
t h a t  t h e  T v a lu e s  o f  t h e  m e th y lp y r id in iu m  s a l t s  a r e  a v a i l a b l e , ? w h i le  
th e  ch em ica l s h i f t s  o f  th e  q u in o l in iu m  s a l t s  had t o  be c a l c u l a t e d .
Thus, w i th  t h e  u se  o f  t h e s e  two ex trem e m o d e ls , c a l c u l a t e d  T,. v a lu e sMe
f o r  th e  i|—p y r id o n e s  and t h e i r  t h i o - a n a lo g u e s  were o b ta in e d  from t h e  
fo l lo w in g  equation -  a r r a n g in g  x t o  g iv e  t h e  b e s t  agreem ent betw een
L a i c  L b s "
L a i c  = L  -  \  ( L - L )  + ( 6 )
= v a lu e  f o r  an a ro m a t ic  p y r id in e  
T = value f o r  an a ro m a tic  p y r id in iu m  compound
r = Q,k  p .p .m .  = f u l l  r i n g  c u r r e n t  c o n t r i b u t i o n '
X = f r a c t i o n a l  a r o m a t i c i t y
— 30 —
I t  w i l l  be seen  from t h e  above e q u a t io n  t h a t  when x = 1>, i_.£. a 
f u l l y  a ro m a tic  m odel,  th e n  “ T^V w hich i s  th e  v a lu e  f o r  t h e
m e th y lp y r i d in iu m  compound. IJhen x = 0 i_-e_. a  f u l l y  n o n -a ro m a t ic  
model, th e n  + r , i^.e_. t h e  v a lu e  f o r  t h e  m e th y lp y r id in e
+ 0 .^  p .p .m .  °
The v a lu e  o f  x g iv in g  th e  b e s t  agreem ent betw een  ^ andCalc Obs
was found t o  be 0 .1 9  in  t h e  4 -p y r id o n e  s e r i e s  ( e q u iv a l e n t  t o  19% 
a r o m a t i c i t y ) ,  and 0 .^ 0  in  t h e  ^ - th io p y r id o n e  s e r i e s ,  ( e q u iv a l e n t  
t o  ^0% a r o m a t i c i t y ) .  v a lu e s  o b ta in e d  in  t h i s  way a r e
compared w ith  i n  Table  8.
'Table  8 :
Compound 'A TCalc T • Obs ^Calc"^Obs
1 , 3 ~ d ira e th y l-^ -p y r id o n e 7 .7b? 7.%0? sToo 7 .97 +0.03,
1 , 2 - d im e th y l -^ -p y r id o n e 7.%3? 7.0%? 7 .6 8 7 .7 0 - 0 .0 2
1 , 3 - d im e th y l - ^ - th io p y r id o n e 7.7%? 7.%0? 7.8% 7 .7 0 +0.1%
1, 2 -d im e th y l - ^ - th io p y r id o n e 7.%3? 7.0%? 7.51 7 .6 5 -0.1%
B) A second method used  f o r  c a l c u l a t i o n  o f  t h e  a r o m a t i c i t y  o f
^^-pyridones i n v o lv e s  com parison  o f  t h e  ob se rv ed  T . w i th  t h e  o b se rv ed, • Me - ■
m ethyl ch em ica l  s h i f t  in  a compound which can n o t s u s t a i n  a r i n g  c u r r e n t ,  
This  d i f f e r e n c e ,  which i s  ta k e n  as  b e in g  t h e  r i n g  c u r r e n t  c o n t r i b u t i o n  
to  th e  ch em ica l  s h i f t ,  i s  th e n  compared w i th  a v a lu e  o f  O.^i p .p .m .
(be ing  th e  r i n g  c u r r e n t  c o n t r i b u t i o n  t o  th e  chem ica l s h i f t  i n  a  f u l l y  
a rom a tic  m o lecu le ) .  The r a t i o  o f  t h e s e  two v a lu e s  i s  ta k e n  as  a m easure 
o f  th e  a r o m a t i c i t y  o f  th e  two d im e th y l -4 -p y r id o n e s .
The m e thy l s h i f t s  in  t h e  absence  o f  a  r i n g  c u r r e n t  a r e  c a l c u l a t e d  f o r  
th e  two compounds in  t h e  f o l lo w in g  m a n n e r :-  . • -
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( i )  The env ironm ent o f  th e  3 -m ethy l group in  1 ,  3 - d im e th y l - ^ -  
p y ridone  i s  s i m i l a r  t o  t h a t  o f  t h e  m e thy l group in  t h e  fo l lo w in g
compound.
0
The chem ica l s h i f t  o f  t h i s  a b s o r p t io n  i s  T 8o06.
( i i  ) The environm ent o f  t h e  2 -m ethy l grotip in  1 ,  2 -d im e th y l  
py ridone  i s  s i m i l a r  t o ' t h a t  o f  t h e  m e thy l trans_  to* t h e  c a rb o n y l  in  • 
m ethyl s e n e c io a te  ( T 8 . 1 6 ) . A f u r t h e r  p a ram ag n e tic  c o r r e c t i o n  o f  
0 .1  p.p.m*. ■ i s  5 however, a p p l ie d  h e re  as  an e s t i m a t e  o f  t h e  i n d u c t iv e  
e f f e c t  o f  t h e  a d ja c e n t  n i t r o g e n  atom , th u s  b r in g i n g  th e  v a lu e  t o  
T 8 .0 6 .
Table  9 compares th e s e  c a l c u l a t e d  v a lu e s  f o r  t h e  f u l l y  n o n -a ro m a t ic  
compounds w i th  th e  o b se rv ed  v a lu e s  f o r  th e  i i -p y r id o n e s .
;  ^ < T ab le  "9
Methyl p o s i t i o n TObs T^Calc T -T Calc Obs
3 T .97 8 .0 6 +0 .0 9
2 7 .7 0 8 .0 6 +0 .3 6
A l t e r n a t i v e  models f o r  t h e  f u l l y  n o n -a ro m a tic  compounds can be chosen
'  ■which a re  more s u i t a b l e  i f  t h e  k -p y r id o n e s  a r e  p r e s e n t  in  a  f u l l y  
a ro m a tic  form. ' ' .  •
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(1) For t h e  3 - iso m er  t h e s e  can be o b ta in e d  by t a k in g  th e. - /  . : . . f  ■ . Me
v alue  o f  an " in  c h a in "  m ethy l group in  th e  c a r o te n o id  s e r i e s  ( 8 .0 3 ) .
( 2 ) For t h e  2 - iso m er  t h i s  v a lu e  i s  m o d if ie d  by_a c o r r e c t i o n  f o r  
th e  p re s e n c e  o f  t h e  a d ja c e n t  n i t r o g e n  c a t i o n .  : T h is  i s  e q u iv a le n t
to  a p a ram ag n e tic  s h i f t  o f  0 .63  p . p . m . ,  b e in g  composed o f  0 .1  p .p .m .  
f o r  t h e  i n d u c t iv e  e f f e c t  o f  n i t r o g e n ,  and 0 .53  p .p .m .  f o r  t h e  
p o s i t i v e  c h a rg e ;  (0 .5 3  p .p .m . r e p r e s e n t  th e  inc rem en t in  ch em ica l  
s h i f t  o f  t h e  a -m e th y l  group in  p y r id i n e  on q u a t e r n i s a t i o n ? ) .
This  second s e t  o f  v a lu e s  f o r  f u l l y  n o n -a ro m a tic  models a r e  now
compared w i th  t h e  ob se rv ed  T,, in  th e  4 -p y r id o n e s  in  Tab le  10., . Me ■ • • / .
T ab le  10
M ethyl p o s i t i o n
T
'Obs TCalc T —T Calc Obs
3 7 .97 8 .0 3 +0 .0 6
2 7 .7 0 7 .^ 0 -0 .3 0
The av e ra g e  v a lu e  o f  t h e  f o u r  I f  _ f i g u r e s  d e r iv e d  in  T ab lesCalc Obs
9 and 10 i s  +0 .0 5 2  ( 5 ) p . p .m . ,  which i s  assumed t o  be th e  in c re m en t  
in  th e  chem ica l s h i f t  due t o  t h e  r i n g  c u r r e n t  i n  t h e  two d im ethy l-d i-  
p y r id o n e s .
S ince th e  r i n g  c u r r e n t  i n  a f u l l y  a ro m a tic  compound i s  assumed to  
c o n t r i b u t e  0 .^  p .p .m .  t o  t h e  chem ica l s h i f t ,  t h e  $  a r o m a t i c i t y  f o r  
th e s e  compounds i s  c a l c u l a t e d  to  be 13p.
Thus methods (A) and (B) g iv e  f a i r l y  c l o s e  agreem ent f o r  t h e  % a rom a t­
i c i t y  o f  d im e th y l - ^ - p y r id o n e s .  I t  i s  i n t e r e s t i n g  to  n o te  t h a t  s e l f  
c o n s i s t e n t  t h e o ry  ( S .C .F . )  c a l c u l a t i o n s ? ^  p r e d i c t  t h a t  th e  r i n g  c u r r e n t  
in  ^ -p y r id o n e s  i s  s i g n i f i c a n t l y  l e s s  th a n  in  2 -p y r id o n es . ,  A ro m a t ic i ty  
c a l c u l a t i o n s  from n . m . r .. chem ica l  s h i f t s  o f  m e thy l g r o u p s ' in  d im e th y l - 2 -  
p y r id o n es  gave a v a lu e  o f  35%,? compared w i th  th e  above av e ra g e  v a lu e  o f
q u a l i t a t i v e  agreem ent w i th  t h e  S .C .F .  f i n d i n g s .
The f a c t  t h a t  t h e  a r o m a t i c i t y  o f  th e  d im e th y l - 4 - th io p y r id o n e s  
i s  c o n s id e r a b ly  g r e a t e r  th a n  t h a t  o f  t h e  d im e th y l -^ - 'p y r id o n e s  is- 
a l s o  expec ted . .  S u lp h u r  i s  more p o l a r i z a b l e  th a n  oxygen, and in 
consequence t h e  TT-electron system  i s  l i k e l y  t o  be more d e l o c a l i s e d ,
The % a r o m a t i c i t i e s  found f o r  th e  m o lecu le s  in  q u e s t io n  have 
been t a b u l a t e d  in  Tab le  11 , f o r  e a sy  r e f e r e n c e .
Tab le  11
Compounds % A ro m a t ic i ty  o f  h e t e r o  r i n g
D im e th y l-4 -p y r id o n e s 16 *
D im e th y l -4 - th io p y r id o n e s ItO
D im e th y l-^ -q u in o lo n e s T5-
D im e th y l -^ - th io q u in o lo n e s 75
D im e th y l-2 -q u in o lo n e s TO
Dimeth y l - 2 - t h io q u in o l o n e s 74 .5  '
 ^ DISCUSSION .
P r e p a r a t io n  o f  1, 2—and ,1, , 3- D in e th y l—^ -p y r id o n e  and T^^eir 
Thio-A nalogue s
1 ,  P-Diraetliyl-^-i—p y r id o n e  , 1 , 3~dim ethyl~H ~pyridone and t h e i r  t h i o - ' 
ana logues  had. n o t '  p r e v i o u s l y  "been p r e p a r e d .  The f o l lo w in g  'scheme vas  
s u c c e s s f u l l y  u sed  in  o r d e r  t o  accom plish  t h i s .
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The N -o x ides x/ere u sed  as i n t e r m e d i a t e s  in  t h e  p r e p a r a t i o n  o f  th e  
n i t ro -c o n p o u n d s  "both b e c a u se  o f  t h e  g r e a t e r  r e a c t i v i t y  t o  e l e c t r o p h i l i c  
s u b s t i t u t i o n  o f  p y r id in e - I I - o x id e s  compared t o  p y r i d i n e , a n d  b e c a u se  
o f  th e  e a s e  o f  r e d u c t io n  o f  t h e  n i t r o - s u b s t i t u t e d  N -oxide t o  t h e  
c o r re s p o n a in g  am ine.
Tlie e a s e  o f  e l e c t r o p h i l i c  s u b s t i t u t i o n  in  t h e s e  amine o x id e s  i s  due to  
the p a r t i c i p a t i o n  o f  r e s o n a n t  s t r u c t u r e s  o f  t h e  f o l lo w in g  t y p e ,  th u s  
enhancing the p o s s i b i l i t y  o f  a t t a c k  by an electrophilic r e a g e n t  in  t h e  
a -  and Y- p o s i t i o n s .
A
. 0   ^ 0  ; - -  ^  0 , /
( V I I I )  (IX) (X)
The f o l lo w in g  d i s c u s s io n  w i l l  b e  c o n f in e d  t o  1 ,  2 - d i m e t h y l - t - p y r i d o n e , 
and th e  compounds in v o lv e d  in  i t s  p r e p a r a t i o n .  1 , 3-D im e th y l-U -p y r id o n e  
and i t s  p r e c u r s o r s  w i l l  only b e  m en tioned  where m a t e r i a l  d i f f e r e n c e s  a r e  
t o  be p o i n t e d  o u t .
The p r e p a r a t i o n  o f  2-m e th y l - U - n i t r o p y r id in è - î I - o x id e  ( i l l )  was a t te m p te d  
o r i g i n a l l y  as  i t s  p h t h a l a t e  a c c o rd in g  t o  den I le r to g ,^ ^  by n i t r a t i o n  o f  - 
th e  p h t h a l a t e  o f  2- m e th y lp y r id i n e - h - o x id e .  T h is  was p r e p a r e d  by t h e  
a d d i t io n  o f  m o n o p e rp h th a l ic  acid t o  2 - m e th y lp y r id in e .  The l a r g e  volume o f  
e th e r  r e q u i r e d  f o r  t h e  c o n t in u o u s  e t h e r  e x t r a c t i o n  o f  ( i l l )  as  i t s  
p h t h a l a t e  from t h e  r e a c t i o n  m i x tu r e ,  how ever,  made i t s  p r e p a r a t i o n  on a 
l a r g e  s c a l e  r a t h e r  u n w ie ld y .  The p h t h a l a t e  o f  3 -m e th y lp y r id in e -N -o x id e  
which was a l s o  p r e p a r e d  a t  t h i s  s t a g e  i s  a  new compound, O ch ia i^^  had, 
more r e c e n t l y ,  fo.und t h a t  p r o v id in g  a c a rb o x y l ic  acid was added as a 
c a t a l y s t ,  d i r e c t  o x i d a t i o n  o f  p y r i d i n e  co u ld  be  e f f e c t e d  by hydrogen  
p e ro x id e ,  and t h e  r e s u l t i n g  N-oxide co u ld  be nitrated i n  t h e  ^ - p o s i t i o n  
in  good y i e l d .  T h is  method was therefore u sed .
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R educ tion  o f  t n e  n iu r o  compound ( i l l )  t o  h—smino—2—m e th y ln y r id in e  (IV) 
in, one s t e p  was c a r r i e d  o u t in  .ac id  s o l u t i o n  in  o rd e r  t o  e n su re  t h a t  t h e
r e la t iv e ly  r e s is ta n t  N-oxide group was com pletely reduced.
r e a c t i o n ,  u s in g  i r o n  powder and a c e t i c  a c i d ,  was t ro u b le so m e  m a in ly  
b ecause  t n e  p r o p e r t i e s  o f  t h e  r e a c t i o n  p ro d u c t  a r e  in a d e q u a te ly  d e s c r i b e d , ^6)27 
The c h i e f  difficulties encountered during the isolation o f  th e .  p ro d u c t  
were a) i t s  e x c e e d in g ly  po o r  s o l u b i l i t y  i n  e t h e r  — the recommended s o lv e n t  
f o r  i t s  e x t r a c t i o n  — which was overcome by t h e  u se  o f  c h lo ro fo rm ; b )  t h e  
tendency  o f  t h e  amino compound t o  s u b l im e ,  which caused i n e v i t a b l e  l o s s e s  
d u r in g  th e  rem oval o f  t h e  s o l v e n t .  .
Althougn O ch ia i^^  h ad  found  d i f f i c u l t y  in  replacing t h e  amino group by- 
OH b ecau se  o f  s i d e  r e a c t i o n s ,  c o n v e rs io n  t o  2-methyl-h-pyridone.(V) was 
ach iev ed  oy d i a z o t i s a t i o n  and h y d ro ly s is .^ ^ y Z G  Aqueous acetone was 
recommended^^ for the reciystallisation of this compound, but a much better 
s o lv e n t  m ix tu re  was found t o  he c h l o r o f o r m - e th e r , from which t h e  substance 
crystallised with a m.p. higher than that quoted. For the isolation of 
t n e  analogous 3 - m e th y l -h -p y r id o n e ,  i t  was found necessary t o  g r i n d  th e  
crude r e a c t i o n  product very th o ro u g h ly  w i th  benzene  b e f o r e  c r y s t a l l i s a t i o n  
from a c e to n e ,  in  order t o  obtain a  p u re  p r o d u c t .
4 -P y r id o n e s  are t a u to m e r i c ,  X-I XII, and so a l k y l a t i o n  o f  th e  two
0 OH
N
(X II)
compounds (V) was c a r r i e d  o u t  by way o f  their sodium salts, t h e  hope being 
; t h a t  b eca u se  the n i t r o g e n  an io n  i s  more r e a c t i v e ,  H-methylation is l i k e l y  
to  occu r  w i th  d im e th y l  s u lp h a t e  i n  preference to ^ - m é t h y l a t i o n .  As m ethoxy- 
p y 'r id ines  a r e  e a s i l y  s e p a r a t e d  from IT-a lk y Ip y r id o n e s  by s team  d i s t i l l a t i o n ^ ®  s 
I t  i s  p o s s i b l e  t o  e s t a b l i s h  t h e  e x t e n t  o f  IT-m ethyla tion  in /this way. A 
m é th y la t io n  experiment iras t h e r e f o r e  c a r r i e d  o u t  with ^ -p y r id o n e ,  and the 
p roduc t was examined spectroscopically b o th  b e f o r e  and a f t e r  s team  d i s t i l l a t i o n
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Ho. û -m ethpxypyrid ine  Afas p r e s e n t ,  and t h i s  meant t h a t  t h e . s t e a m  
d i s t i l l a t i o n  s t e p  co u ld  he  omm itted from th e  p ro p o sed  p r e p a r a t i o n s .
In  consequence , th e  e x t r a c t i o n  o f  N -m e th y l-^ -p y r id o n es  from w a t e r ,  in  
which t h i s  c l a s s  o f  compound i s  e x t re m e ly  so lu b le -b eco m es  u n n e c e s s a ry .
Tills i s  a g r e a t  a d v a n ta g e ,  s i n c e  even " s a l t i n g  o u t  " f a i l s  t o  improve 
th e  e f f i c i e n c y  o f  t h e i r  e x t r a c t i o n  by  means o f  c h l o r o f o r m -  n o rm a l ly  a 
most e f f i c i e n t  s o lv e n t  f o r  t h e s e  compounds.
1 ,  2 -D im e th y l-b -p y r id o n e  (Vl) was i s o l a t e d  from th e  m é th y la t io n  
r e a c t io n  m ix tu re  by means o f  h o t  b en ze n e ;  i t  c r y s t a l l i s e d  on c o o l in g .
A f te r  t h e  f i r s t  r e c r y s t a l l i s a t i o n  from benzene  th e  m e l t in g  p o i n t  o f  t h e  
c r y s t a l s  was 60° ,  b u t  f u r t h e r  r e c r y s t a l l i s a t i o n  r a i s e d  t h e  m e l t i n g  p o in t  
to  1 3 5 . 5^* Tliis b e h a v io u r  co rresp o n d s ,  t o  ^ -p y r id o n e  i t s e l f ,. which- . 
c r y s t a l l i s e s  w i th  one m o lecu le  o f  w a te r  w i th  a m e l t in g  p o i n t  o f  66- 67° ,  
w h ile  t h e  m e l t in g  p o i n t  o f  th e  anhydrous compound i s  l l 8 . 5° .
That IT-m ethyla tion  r a t h e r  th a n  £_-m ethy la tion  had  in d e e d  o c c u r r e d  was 
e v id e n t  from t h e  i n f r a r e d  s p e c t r a  o f  b o th  1 , 2- d im e th y l -  and 1 , 3- d im e th y l -  
^ -p y r id o n e  (V l ) ,  1 ,  2 -D im e th y l-^ -p y r id o n e  e x h i b i t s  two v e ry  i n t e n s e ^
bands a t  l 6^2  cm.~^ and 15^0  cm .~^, and t h e s e  have been  a s s ig n e d  t o  4 )
Land C=0 r e s p e c t i v e l y .  T h is  r e g io n  o f  the sp ec tru m  would o b v io u s ly  be  v e ry  
d i f f e r e n t  h ad  t h e  methoxy compound been  form ed.
fc = c l 'The r e l a t i v e  a ss ignm en ts  o f  t h e  ( ) and C=0 a b s o r p t i o n  bands h as  been
th e  s u b je c t  o f  much c o n fu s io n  in  t h e  l i t e r a t u r e .  A lthough i n  early work 
th e  h ig h  f re q u e n c y  b a n d  had  been  a s s ig n e d  t o  t h e  c a rb o n y l  a b s o r p t i o n ,  l a t e r  • 
- w o r k e r s h a v e  shown. from th e  h ig h  s o lv e n t  dependency o f  th e  low . 
frequency b a n d ,  and i t s  l o s s  on c o n v e rs io n  t o  th e  t h i o - k e t o n e ,  t h a t  t h i s  i s ,  
in  f a c t ,  t h e  a b s o r p t io n  o f  t h e  c a rb o n y l  g ro u p .  C arbonyl bands o f  t h i s  ty p e  
a re  a d m it te d ly  d i f f i c u l t  t o  r e c o g n i s e  b e c a u se  o f  t h e  accompanying bands 
from th e  a b s o r p t io n s  o f  t h e  h e t e r o c y c l i c  ring, b u t  t h e r e  a r e  good t h e o r e t i c a l  
reasons  why t h e y  ap p e a r  a t  such  low f r e q u e n c i e s  in compounds o f  t h i s  t y p e .  
I n f r a r e d  a b s o r p t io n  f r e q u e n c ie s  o f  m u l t i p l e  bonds a r e  lo w ered  as t h e  bond 
becomes more p o l a r .  I f ,  therefore, i n  s t r u c t u r e  ( X I I l )  e l e c t r o n s  a r e  
donated from t h e  lo n e  p a i r  o f  R, c o n v e r t in g  i t  t o  t h e  more p o l a r  s t r u c t u r e
(XIV), t h e  c a rb o n y l  v i b r a t i o n  band  w i l l  be  low ered  in  f r e q u e n c y .
R d )  ' € )-> R rzzz  c — —  0
( X I I I )  (XIV)
s in c e  in  t h e  d im e th y l- l ( -p y r id o n e s  t h e  lo n e  p a i r  o f  t h e  n i t r o g e n  atom 
i s  d e l o c a l i s e d  o v e r  th e  r i n g ,  p ro v id in g  a psendo a ro m a tic  s t r u c t u r e
(XV), p o l a r  re so n an ce  forms w i l l  make an e f f e c t i v e  c o n t r i b u t i o n ,  and. 
th e  f re q u e n c y  o f  t h e  c a rh o n y l  band  w i l l  be  low er th a n  e x p e c te d .
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R e v e r t in g  t o  th e  i n f r a r e d  s p e c t r a  o f  2 -  ( o r  3) m e th y l-h ~ p y r id o n e  (V)
_i._e. b e f o r e  ^ - m é t h y l a t i o n ,  i t  i s  seen  t h a t  t h e s e  a r e  v e ry  s i m i l a r  t o  
t h o s e 'o f  d im e th y l -4 -p y r id o n e s  (V l) .  Tliis shows t h a t  m e th y l-H -p y r id o n e s  
(V) e x i s t  p re d o m in a n t ly  i n  t h e  k e to - fo rm .  T h is  i s  more r e l i a b l e  th a n  
chem ical e v id e n c e ,  s in c e  t h e  f o r m a t io n - o f  N -m e th y la t io n  p ro d u c ts  co u ld  
a l s o  be e x p la in e d  on t h e  b a s i s  o f  d i f f e r e n t  r a t e s  o f  r e a c t i o n  o f  th e  
two ta u to m e r ic  fo rm s ,  and th u s  does n o t  p rove  t h a t  t h e  compounds e x i s t  
m ainly  in  th e  k e to - fo rm .  The c a rb o n y l  a b s o r p t io n s  in  m e th y l-U -p y r id o n e s  
(V) how ever, a r e  a t  even low er f r e q u e n c ie s  th a n  t h o s e  found  a f t e r  
g - m e t h y la t io n ,  and t h i s  is .  due t o  th e  p o s s i b i l i t y  o f  hydrogen  b o n d in g .  
This bond ing  can be  seen  c l e a r l y  in  th e  hli r e g io n .  The a b s o r p t io n s  due 
to  t h i s  group o c c u r  a t  low er  f r e q u e n c ie s  th a n  th e  norm al CH s t r e t c h i n g  
v i b r a t i o n s  i . e .  t h e  custom ary  -sequence o f  t h e  bands i s  r e v e r s e d .  Tliis i: 
comparable t o  t h e  OH s t r e t c h i n g  v i b r a t i o n s  o f  c a r b o x y l i c  a c i d s ,  which 
e x i s t  m a in ly  in  th e  d im er form.
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N-Alkylpyridones do not react with normal carbonyl reagents such as - 
G rignard  reagents, possibly because they e x i s t  i n  t h e  z w i t t e r  ionic 
form (XV), which r e s u l t s  from th e  s t r o n g  e l e c t r o n  d o n a t in g  properties 
o f  th e  N -a lk y l  g ro u p .  They react, however, easily with phosphorus  
p e n ta s u lp h id e  t o  form t h e  c o r re s p o n d in g  thiones. T h e 'p ro d u c ts ,  were 
found t o  be p u r e r  when th e  r e a c t i o n  was c a r r i e d  o u t  i n  a  s o l v e n t , ^3 
r a t h e r  th a n  by m e re ly  h e a t i n g  th e  reactants t o g e t h e r  a t  130° .3 ^
On s tu d y in g  t h e  n . m . r .  spectra of these pyridones and thiopyridones,
a sm a l l  c o u p l in g  i s  observed  betw een th e  m ethy l group and one o r  more 
o f  t h e  a ro m a tic  p r o to n s .  T h is  i s  o f  th e  o rd e r  o f  0 .6  c . / s e c . ,  and 
i s  c o n s t a n t l y  observed  in  t h e  s p e c t r a  o f  a l l  t h e  h e t e r o a r o m a t ic  compounds 
d e s c r ib e d  l a t e r .  The r i n g - s i d e  c h a in  co up ling  was a p p a re n t  from th e  
b ro ad  n a t u r e  o f  t h e  m e thy l a b so rp tio n , and was p roved  by s p in  d e c o u p l in g  
e x p e r im e n ts .  B ecause o f  th e  consequent b ro a d e n in g  o f  t h e  r i n g  p ro to n s , 
th e  c a l c u l a t i o n s  o f  t h e  n . m . r .  p a ra m e te rs  have n o rm a l ly  been  c a r r i e d  ou t 
on sp in -d eco u p led  s p e c t r a .  A nother c o m p lic a t io n  i n  c a r r y i n g  o u t  th e  
c a l c u l a t i o n s  f o r  t h e  a ro m a t ic  p ro to n s  i s  t h a t  th e  s m a l l  amount o f  
ch lo ro fo rm  n o rm a l ly  p re s e n t i n  d e u te r io c h lo ro fo rm  a l s o  ab so rb s  i n  th e  
same r e g io n .
n.m .r. spectra 1 and 2 are presented - being typical for the dimethyl
i]~pyridones and d im e th y l  ^-thiopyridones. h . m . r .  s p e c t r a  3  and ^ show 
th e  above d e s c r ib e d  s p in  decoupling e x p e r im e n ts .
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Scheme f o r  t h e  P r e p a r a t io n  o f  1 ,  6 - 1 ,  7 -  and 1 ,  8-D in e th y l - 4  
qu ino lonps  and t h e i r  c o r re s p o n d in g  Thio-A naloynes  ,
C H 2 ( C 0 0 C 2 H 5 ) 2
HC(0C2H5)3 ^/C00C2H5
— --- :— f
COOC2H5
(XVI)
MmItm «SM CH Q
OH
CH
CH
N
(XVII) (XVIII)
OH
COOH
(XIX)
4  CH
(XX)
(XXI) CH3 (XXII)
For th e  s y n t h e s i s  o f  1 , 6- 1 , 7-  and 1 , 8 - d i n e t h y l - 4 ~ q u in o lb n e s , t h e  " 
p r e p a r a t io n  o f  t h e  c o r re s p o n d in g  nonom e thy lqu ino lones  as in t e r m e d i a t e s  
vas n e c e s s a r y .  A g r e a t . d e a l  o f  work has  been  r e p o r t e d  on th e  s y n th e s i  s 
o f  th e s e  h y d ro x y q u in o l in e s  b ec a u se  o f  t h e i r  easy  c o n v e rs io n  t o  4 - a l k y l -  
am inoqu ino line  d e r i v a t i v e s ,  which have pronounced  a n t i m a l a r i a l  a c t i v i t y .
k l
I t  has  b een  found t h a t  th e  most' g e n e r a l l y  u s e f u l  method o f  p r e p a r a t i o n  
o f  th e  h y d ro x y q u in o l in e s  i s  by a m o d i f i c a t io n  o f  t h e  Conrad-Limpach 
q u in o l in e  s y n th e s i s  d e v is e d  by Gould and J a c o b s .35 In  t h i s  method th e  
a p p r o p r ia t e  amine i s  condensed  w i th  d i e t h y l  e th o x y m e th y len e -m a lo n a te
(XVI) ,  and t h e  r e s u l t i n g  d i e s t e r  (XVII) c y c l i s e d ,  s a p o n i f i e d  and 
d e c a rb o x y la te d  t o  form t h e  h y d ro x y q u in o l in e  (XX).
The p r e p a r a t i o n  o f  d i e t h y l  e thoxym ethy lene  m a lo n a te  was d e s c r ib e d  by 
D uff in  a n d  K e n d a l l , 35 fo l lo w in g  t h e  p ro c e d u re  o f  C la i s e n .3 ?  D ie th y l  
m alonate  was r e a c t e d  w i th  e t h y l  o r th o fo rm a te  in  t h e  p r e s e n c e  o f  a c e t i c  
an hydride  and z in c  c h l o r i d e ,  and i t  was found t h a t  b e t t e r  y i e l d s  ( 37-  
k6%) th a n  C l a i s e n 's  can be  o b ta in e d  p ro v id e d  t h a t  th e  r e a c t i o n  i s ;  
c a r r i e d  o u t  as r a p i d l y  as p o s s i b l e .  By f r a c t i o n a t i n g  t h e  p ro d u c t  i n  a 
vacuum o f  0 .5  mm. r a t h e r  th a n  th e  q uo ted  10 mm., a s u b s t a n t i a l l y  b e t t e r  
y i e l d  ( 53 /^), v as  o b ta in e d  i n  th e  p r e s e n t  w ork , and ju d g in g  by  th e  
r e f r a c t i v e  in d e x  th e  compound was e x c e e d in g ly  p u re .
The r e a c t i o n  o f  d i e t h y l  e thoxym ethy lene  m a lona te '  (XVl) w i th  o r t h o - , 
m eta- and p a r a - t o l u i d i n e  was a l s o  c a r r i e d  o u t  a c c o rd in g  t o  D u f f in  and 
K e n d a l l , 3 5  and p ro cee d ed  w i th o u t  d i f f i c u l t y  t o  t h e  r e q u i r e d  compounds
(XVII) w i th o u t  any com peting s id e  r e a c t i o n s .  i_. e_' no a n i l i d e  (X X IIl)  was 
formed.
CH.
(XXIII
OC2H5
C -- COOC2H5
C = 0
The r e a c t a n t s  w ere h e a t e d  on th e  w a te r  b a th  f o r  h a l f  an h o u r , and co o led  
in  i c e ,  when c r y s t a l l i s a t i o n  o c c u r r e d .  ' I t  i s  u s u h l ly  not- n e c e s s a r y  to  
i s o l a t e  t h e  i n t e r m e d i a t e  a n i l i n o - a c r y l a t e s  (XV I l )  b e f o r e  c y c l i s a t i o n  t o  
th e  h y d ro x y q u in o l in e  c a r b o x y l ic  e s t e r s  (X V II i ) .  In  t h e  p r e s e n t  work th e
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p u r i t y  o f  th e products was o f  paramount im p o r ta n c e , and th e  in t e r m e d i a t e s
(XVIl) w ere t h e r e f o r e  p u r i f i e d  by c r y s t a l l i s a t i o n  b e f o r e  p ro c e e d in g  to  
th e  n e x t  s t a g e .  Tne th ree i s o m e r ic  a n i l i n o - a c r y l a t e s  (X V Il)-w ere  low . =
p e l t i n g  c r y s t a l l i n e  s o lid s  and w ere o b ta in e d  in  s u b s ta n tia lly  b e tte r  
y ie ld s  than quoted.
In t h e  o r ig in a l Conrad-Limpach method u sed  by Gould and J a c o b s , 35 gpe 
c y c l i s a t i o n  o f  t h e  a n i l i n o - a c r y l a t e s  (XVIl) t o  t h e  hydroxyquinoline, 
c a rb o x y l ic  e s t e r s  (X V III) was c a r r i e d  o u t  by reflu x in g  in  m in e ra l  o i l ,  
b u t  P r i c e  and R o b e r t s 33 found diphenyl ether or "Dowtherm A" to  be a 
superior medium, which gave purer p r o d u c t s .  ("Dowtherm A” i s  ■ an . ' e u t e c t i c - 
m ix tu re  o f  d ip h e n y l  e t h e r  and b ip h en y l). These c y c lise d  products are 
much more, e f f e c t i v e l y  separated by f i l t r a t i o n  from t h i s  ty p e  o f  s o lv e n t  
than  from m in e r a l  o i l .
In  t h e  case  o f  t h e  fo rm a t io n  o f  3 -e th o x y c a rb o n y l-4 -h y d ro x y -8 -m e th y lq u in o l in e  
and i t s  c o r re s p o n d in g  6 -m e th y l- is o m e r  (X V II l ) ,  c y c l i s a t i o n  can, o f  c o u r s e ,  
only p ro cee d  in  an unambiguous manner. C y c l i s a t i o n  o f  e t h y l  2 -e th o x y c a rb o n y l-
3- m - to lu id in o a c  r y l a t e  could , however, g iv e  r i s e  t o  tifo isom ers  -  namely
3-ethoxycarbonyl-4-hydroxy-7-m ethylquinoline and i t s  5- n e t h y l  iso m e r .
S e p a ra t io n  o f  t h e s e  isom ers  was n o t  f e a s i b l e  a t  t h i s  s t a g e ,  and was n o t  
attempted u n t i l  a f t e r  h y d ro lysis  and d e c a r b o x y la t i o n , b u t  i t  was. l a t e r  found 
t h a t  th e  7“- ie th y l - i s o m e r  was th e  p redom inan t r e a c t i o n  product. On c o o l in g ,  
the  compounds (X V IIl)  separated from "Dowtherm A" as c o l o u r l e s s  needles^. 
S u b s t a n t i a l l y  h ig h e r  y i e l d s  th a n  th ose quoted in  the literatu re3G  were 
o b ta in e d  when th e  volume o f  "Dowtherm A” was red u ce d  by e v a p o ra t io n  in  
vacuo, f u r t h e r  c r y s t a l l i s a t i o n  o f  product th e n  o c c u r r i n g .  A lso , c o n s id e r a b ly  
p u re r  p r o d u c t s  w ere o b ta in e d ,  as i n d i c a t e d  by much h ig h e r  m e l t in g  poin ts  
compared w ith t h o s e  quoted i n  t h e  l i t e r a t u r e .
The e s t e r s  (X V III) , were th e n  hydrolysed , and th e acids (XIX) i s o l a t e d  in  
q u an tita tive  y ie ld .  By c a r r y i n g  o u t  t h e  r i n g  c l o s u r e  and th e  h y d r o ly s i s  in  . 
two s e p a r a t e  s t a g e s ,  b e t t e r  y i e l d s  were o b ta in e d .  S a p o n i f i c a t i o n  in  
"Dowtherm A" w i th o u t  p r e v io u s  i s o l a t i o n  o f  t h e  c y c l i s e d  e s t e r s  was 
u n s a t i s f a c t o r y ; 35 t h e  y i e l d s  i n  no way app roached  th o s e  c la im ed  in  th e
l i t e r a t u r e .  .
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D e c a rb o x y la t io n  t o  t h e  4 -h y d ro x y -m e th y lq u in o l in e s  (XZ) was a c h ie v e d  
by h e a t in g  t h e  a c id s  i n  "Do^rtherm A” and f i l t e r i n g  th e  c r y s t a l l i n e  
p r e c i p i t a t e s .  Again t h e  p ro d u c ts  had  h ig h e r  m e l t i n g  p o i n t s  than, t h o s e  . 
quoted  in  t h e  l i t e r a t u r e . 35 j 39 s e p a r a t i o n  o f  4-hydroxy-T-m ethylqui-
n o l in e  from i t s  5 - iso m e r  was found  t o  be  f e a s i b l e  a t  t h i s  s t a g e .  The 
m ix tu re  o f  d e c a rb o x y la te d  iso m ers  was c o n t in u o u s ly  e x t r a c t e d  w i th  
b en zen e ,  and the r e s id u e  r e c r y s t a l l i s e d  from w a te r .  Tiiis i s o m e r ,  
i n s o lu b l e  i n  b e n z e n e ,  was 4 -h y d ro x y -T -m e th y lq u in o l in e .
The b e n z e n e - s o lu b le  iso m er  had  m e l t in g  poin t 197° a f t e r  c r y s t a l l i s a t i o n  
from to l u e n e ;  as e x p e c te d  i t s  i n f r a r e d  spectrum d i f f e r s  from t h a t  o f  t h e  . 
i so m e r ic  7-Q^thyl compound m a in ly  i n  t h e  a ro m a t ic  s u b s t i t u t i o n  r e g io n . .
The. a b s o r p t io n s  in  th is  r e g io n  s u g g e s t  t h r e e  f r e e  a d j a c e n t  hydrogen  a tom s, 
and a r e  com parab le  t o  th o s e  o f  t h e  8- i s o m e r .  I t s  u l t r a v i o l e t  spectrum i s  
very  s i m i l a r  t o  th e  7~2i e th y l  i s o m e r ,  a l th o u g h  e x h i b i t i n g  a s l i g h t  s h i f t  t o  
lo n g e r  w a v e le n g th .  The i n f r a r e d  spec trum  s u g g e s ts  t h a t  t h e  compound was 
4 -h y d ro x y -5 ~ m e th y lq u in o l in e , b u t  t h e  m e l t in g  p o i n t  q u o te d  in  t h e  l i t e r a t u r e  
(157- 160° )3 5  was su b s ta n tia lly  lo w er  than t h a t  now found (l9 7 °)«  The 
a n a l y t i c a l  f i g u r e s  q u o te d  in  t h e  l i t e r a t u r e 3 9  f o r  t h i s  compound, s u g g e s t  . 
t h a t  some w a te r  was p r e s e n t ,  a c c o u n t in g  f o r  t h e  lower m e l t in g  p o i n t .  S in ce  
only  a v e ry  s m a l l  q u a n t i t y  was a v a i l a b l e ,  no f u r t h e r  work co u ld  be c a r r i e d  
out w ith  t h i s  compound.
M é th y la t io n  t o  th e  d im e th y l  compounds (XZl) iras achieved w ith d im e th y l  
sulphate,"and proceeded c o m p le te ly  t o  1 , 6 -d im e th y l -4 -q u in o lo n e  and t h e  
1 ,  7 - iso m e r .  From th e  m é th y la t io n  o f  4 -h y d ro x y -8 -m e th y lq u in o l in e , how ever, 
two components were i s o l a t e d  on r e c r y s ta l l is a t io n  from b e n z e n e / l i g h t  
pe tro leum  ( b .p .  40-60°). These w ere s e p a r a t e d  by_f r a c t i o n a l  c r y s t a l l i s a t i o n  
in  th e  f o l lo w in g  m a n n e r :-
a) The f i r s t  compound separated from benzene  so lu tio n  a fte r  t h e  a d d i t i o n
of a sm all volume o f  l ig h t  petroleum  (b .p . 4 0 -6 0 ° ) , and had m eltin g  p o in t
0 . -, ; : • ’ . . . • . • • ..
90 a f t e r  evaporative d i s t i l l a t i o n .  '
b) On fu rth er  ad d ition  o f  l ig h t  petroleum to  the mother l iq u o r , a
hygroscop ic  compound c r y s t a l l i s e d  which was shoivn to  be 1 , O - d in e th y l - 4 -  
qu ino lone . .
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The s t r u c t u r e s  o f  t h e s e  two compounds were deduced from s p e c t r a l  
ev idence  as f o l l o w s . . .
Compound a) The in frared  spectrum o f  t h is  compound shows no carbonyl 
band, and t h e  most i n t e n s e  a b s o r p t io n  in  the spectrum occurs at 1045 cm.“'- 
A lthough t h i s  band  i s  s l i g h t l y  low i n  f req u en cy  f o r  a  C-O-C a b s o r p t i o n ,  
i t  was concluded from the absence o f  a carbonyl absorption th a t th is  
compound w as, in  f a c t  4 -m e th o x y -O -m e th y lq u in o l in e ,  and t h a t  p a r t i a l
0 -m e th y la t io n  o f  4 -h y d ro x y -8 -m e th y lq u in o l in e  had ta k e n  p l a c e .  The u l t r a ­
v i o l e t  spec trum  shows a b s o r p t io n  maxima ( e th a n o l )  a t  A 226 my (a  = 58 ,500 
l» /g .m o l .  cm.) and A 238 my ( s ^  = 6 ,450  l . /g - .m o l .  cm,.). These a b s o r p t i o n '  
w aveleng ths  a r e  much lo w er  th a n  th o s e  o f  t h e  t h r e e  ï ï-m ëfhyl compounds 
(d iscussed  la t e r ) .
I t  i s  know t h a t  0-m ethyl d er iv a tiv e s  o f  t h i s  type o f  compound in variab ly  
absorb r a d i a t i o n  at a s h o r t e r  wavelength in  the u l t r a v i o l e t  r e g io n  than t h e  
N-methyl d e r i v a t i v e s . At t h i s  p o i n t ,  a com parison .of th e  u l t r a v i o l e t  
s p e c t r a  o f  l -m e th y l -4 - q u in o lo n e  and 4-m ethoxyquinoline was made because 
■ 4 -m e th o x y -8 -m e th y lq u in o l in e  was a  new compound.
1-m eth yl-4 - qu i n o1 on e 
4-m ethoxy-q u in o l in  e
A max. in  my^^
237, 325, 338
!25, 275, 283, 295
The u l t r a v i o l e t  a b s o r p t i o n  maxima o f 4-m ethoxyquinoline were a lm o s t  i d e n t i c a l  
to  th o s e  o f  t h e  presum ed 4-n ethoxy-8-m ethylqu inolin e. The s i m i l a r i t y  o f  
l-m ethyl-4-qu in olone to  1 , 8-d im ethyl-4-qu inolone became e v id e n t  s u b se q u e n t ly ,
: The n .m . r .  sp ec tru m  o f  th e supposed 4 -m e th o x y -8 -m e th y lq u in o l in e  (iTo. 5) shows 
s l i g h t ,  chem ica l s h i f t  d i f f e r e n c e s  from t h a t  o f  the H_-methyl compound . 
discussed  in th e next section^  This i s  p a r t ic u la r ly  marked fo r  proton 2
which ab so rb s  at T 1 .2 4 , as compared t o  T 2 .59  in  1 ,  8 - d im e th y l -4 - q u in o lo n e .
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Proton 3 i s  a lso  s h if te d  downfield hy 0 .5  ppm in  the methoxy compound,
and th ere i s  a marked low ering o f  J? 3 . This equals 4.T5 c . / s e c .  in
*
the methoxy compound, as compared to  7 . 0  c . / s e c .  in  the N-methyl compound.
This v a lu e  o f 4 .75  c . / s e c .  seems r a t h e r  low for  an o r th o  c o u p l in g ,  h u t  
is  comparable w ith  £ 2 ,3  equals 4 .1  c . / s e c .  found in  q u in o l in e  i t s e l f , ^0 
and I S .o bv ious ly ,  a f f e c t e d  by the a d ja c e n t  e l e c t r o n e g a t i v e  heteroatom.
This s p e c t r o s c o p ic  e v id e n c e ,  t o g e t h e r  w i th  t h e  a n a l y t i c a l  f i g u r e s ,  
su p p o r ts  t h e  view t h a t  0 - m e th y la t io n  had taken p la c e  d u r in g  th e  r e a c t i o n .
Compound b) The i n f r a r e d  spectrum o f  t h i s  compound shows two s t r o n g  
bands a t  1625  c m . a n d  1575  which i s  ty p ic a l for an N-m cthyl-4 -
q u in o lo n e .  . P r i c e  and W i l l i s ^3 have a s s ig n e d  th e h ig h  f re q u e n c y  band to  
t h a t  o f  th e  carbonyl absorption , q u o t in g  th at th is  corresponds to  t h e  
same ass ignm en t a s  in  t h e  4 -p y r id o n e  s e r ie s .  As d is c u s s e d  i n  th e s e c t i o n  
on 4-pyridonos, however, l a t e r  workers have now a s s ig n e d  t h e  low frequency 
band to  th e  carbonyl absorption i n  th e  4-pyridone s e r i e s ,  and the h ig h
frequency  band  t o  t h e  < ^ 2 /  v i b r a t i o n s .  The p o s i t i o n  i s  t h e r e f o r e  r a t h e r
T " ' U
c o n fu s in g ,  ho r e c o r d  can be found in  t h e  o th e r  v a r io u s  l i t e r a t u r e  
references as to  whether t h e  4 -q u in o lo n e  a ss ig n m en ts  have ag a in  merely 
been ta k e n  by ana logy  w i th  t h e  4-pyridone ab sorp tion s, o r  w he ther  i t  has. 
been s p e c i f ic a l ly  proved t h a t  in  th is  case  th e  absorption bands a r e  in  
f a c t  in  th e  r e v e r s e  order. The one point o f  i n t e r e s t  seems to  be t h a t  
K a t r i t s k y  q u otes, (p riva te  communication from L lcC ork indale) th a t the low
frequency  b an d ,  a l th o u g h  assigned t o  ( , has -some c a rb o n y l  c h a r a c t e r  -
proved by so lv en t s h i f t  s tu d ie s . These r e la t iv e  a ss ig n m e n ts  in  the  
4 -q u ino lone  s e r ie s .c o u ld  be w e l l  worth i n v e s t i g a t i n g .  There i s  no re a so n  
to  suppose th a t th e p o lar  resonance stru ctu res con tr ib u tin g  to  the 4-pyridonc  
molecule and low ering th e  frequency o f th e carbonyl band should have more o f  
an e f f e c t  than ^when s im ila r  s t r u c t u r e s  are o p e r a t iv e  in  th e  4 -q u in o lo n c  
s e r ie s . For Use present work, however, the high frequency band w i l l  be 
assigned to  the carbonyl absorption , bearing in  mind th a t  th is-m igh t require  
rev is io n .
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The u lt r a v io le t  spectrum o f  compound b) shows one in ten se  absorption
between 200  and 250  my, and a  c h a r a c t e r i s t i c  b i f u r c a t e d  absorption in
the 320 my-340 my r e g io n .  T h is  b i f u r c a t i o n  has p r e v io u s l y  been
observed  in  K -m ethyl-4-quinolones.^^ This u l t r a v i o l e t  sp ec tru m  i s
very  s i m i l a r  t o  t h a t  f o r  H -m e th y l-4 -q u in o lo n e  i t s e l f ,  quoted in  t h e  ' ,
p re v io u s  d i s c u s s io n  on 4-methoxy-8-methylquinoline.
The n . m . r .  sp ec tru m  o f  th is  compound shows an i n t e r e s t i n g  c o u p l in g  
between t h e  m e th y l p ro to n s  and r i n g  p ro to n  ITo. 5 . T h is  was proved by 
a double re s o n a n c e  experim ent, and the decoupled spectrum i s  shown 
(No. 7 ) ,  :
I The a n a l y t i c a l  f i g u r e s  support t h e  s p e c t r a l .^ e v id e n c e  th a t compound b) 
was th e  required 1 , 8 -d im et h y l - 4 - q u in o lo n e .
The formation o f  b o th  N -m etbyl and _0-methyl compounds has previously 
been r e p o r t e d , pji a few i n s t a n c e s ,  when dimethyl s u lp h a t e  was u sed  f o r  
the m é th y la t io n  o f  a - p y r id o n e s  and a - q u in o l o n e s , when i t  was c la im ed  t h a t  
on ly  s m a l l  amounts o f  t h e  oxygen e t h e r  w ere formed. In  t h e  p r e s e n t  work 
th e  r a t i o  o f  1 , 8-dimethyl-4-quinolône t o  4 -m e th o x y -8 -m e th y lq u in o l in e  was 
5 to  1 approximately. G e n e ra l ly  s p e a k in g ,  p a r t i c u l a r l y  in  t h e  4 -q u in o lo n e  
and 4-pyridone series, d im e th y l  s u lp h a t e  in  th e  p r e s e n c e  o f  a l k a l i  g iv e s  
i n v a r i a b ly  t h e  N -m ethyl d e r i v a t i v e .  The oxygen e t h e r s  have  always th e  
lo w e r_m e l t in g  point, which i s  in  agreem ent w i th  t h e  p r e s e n t  f i n d i n g s .
Phosphorus p e n t a s u lp h id e  was u sed  in  o rd e r  to  c o n v e r t  t h e  t h r e e  dimethyl--, 
4-quinolones t o  t h e i r  r e s p e c t i v e  th io q u in o lo n e s  (X X Il).  As w ith  t h e  • ■
4-pyridones, t h e  r e a c t i o n  was c a r r i e d  ou t in  a s o l v e n t ,  and benzene  was 
i n i t i a l l y  u s e d .  The r e a c t i o n ,  how ever, d id  n o t  go t o  c o m p le t io n ,  and o n ly  
a sm all  amount o f  t h e t h i o  compound was i s o l a t e d ,  t o g e t h e r  with a l a r g e  amount 
o f  s t a r t i n g  m a t e r i a l ,  klien t h e  r e a c t i o n  was carried ou t in  b o i l i n g  x y le n e ,  
a much b e t t e r  y i e l d  was o b ta in e d .  • ■
N.m.r. spectra Nos. 6  and 8  are ty p ic a l for the dimethyl-4-quinolones, and 
t h e i r  thio-analogues.
P r e p a r a t io n  o f  1 ,  6 - 1 ,  7 -an d  1 ,  'G-D im e th y l-P -q u in o lo n e s  and t h e i r  
co r r e s p o n d in g T h io-Analogues
The fo llo w in g  scheme was su c c e s s fu lly  used for  the preparation o f  
th ese isomers
(XXIV)
—^  CH3*
CH-
CH,
(XXV) (XXVI>
In  th e  f i r s t -in stan ce , t h e  p r e p a r a t i o n  o f  1 ,  6-d im ethyl-2-qu inolone was 
attem pted, and two r e a c t i o n  sequencies were t r i e d *
a) A s im ila r  scheme was employed t o  t h a t  used in  t h e  4-pyridone s e r i e s  
in v o lv in g  t h e  fo l lo w in g  sequence  o f  c o n v e r s io n s .
(XXXII)
H
(XXXIV)
(XXXIII) 0
(XXXV)
h) The more d i r e c t  p ro c e d u re  o f  0 , Fischer^? and Perkin and PObindbn,^^ 
as d e p ic te d  above (XivlV-XXVl). This in v o lv e s  t h e  o x id a t io n  o f  t h e  .
1 , 6-dim ethylquinolinium  s a l t  w ith potassium  ferricy a n id e  in'sodium  
hydrox ide . In  a l k a l i n e  s o l u t i o n  l i - a l l iy lq u in o l in iu ra  s a l t s  e x i s t  as an 
equilibrium  mixtiu'e o f  th e  quaternary base (X](VII) and the pseudo base  
(XXVIII).and they are e a s i ly  dehydrogenated to  the corresponding N -alk yl-:  
quinolones (]{XV) by potassium  ferricyan id e  so lu tio n .
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XXVII) (XXVIII)
■ The c y c l i c  pseudo b a s e  (XXVIIl) can a l s o  e x i s t  in  t a u to m e r ic  
e q u i l ib r iu m  w i th  an open ch a in  form (X]{VIX), b u t  i t  seems u n l i k e l y  t h a t  
th e  r e a c t i o n  t a k e s  p l a c e  as f o l l o w s : -
CH3
(XXVIII)
•^C  - H
CHO
N - E
CH3
(XXVIX)
COOH
N —H
CH'
(XXX) (XXXI)
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Of the two schemes a) and. h ) ,  the second was found to  he far  su p er io r ,
and was u sed  for  t h e  p r e p a r a t i o n  o f  th e  two o th e r  iso m eric -2-q u in o lon es.
Scheme a) The p r e p a r a t i o n  o f  6-m ethyl-2-quinolone (XXXIV) from th e  
h - oxide  (XZXIII) a c c o rd in g  t o  M o n t a n a r i ^ ^  ga^e a low y i e l d  o f  an e x tre m e ly  
impure p r o d u c t .  I t  could n o t  he r e c r y s t a l l i s e d  as suggested  from w a t e r /  
m e th an o l,  and h a d  t o  he  e x t r a c t e d  i n t o  e t h e r ,  d i s t i l l e d ,  and f i n a l l y  
r e c r y s t a l l i s e d  from a c e t i c  a c i d /w a te r .  In  t h i s  way, t h e  m e l t in g  p oin t o f  
6-m ethyl-2 -quinolone was r a i s e d  hy  7 ° over  t h e  l i t e r a t u r e  v a lu e .
.M éthy la t ion  o f  t h i s  p ro d u c t  w ith  d im e th y l s u lp h a t e  gave l e s s  p u re  
1 ,  6 -d im e th y l -2 -q u in o lo n e  (XXXV) th a n  was o b ta in e d  th ro u g h  scheme b ) ,  and 
no f u r t h e r  work was c a r r i e d - o u t  a lo n g  th e s e  l i n e s .
Scheme.b) 1 , 6-D im ethyl-2-quinolone was prepared fo l lo w in g  O rganic 
S y n t h e s e s , 50 and a s l i g h t l y  h ig h e r  m e l t in g  compound was o b ta in e d  th a n  t h a t  
q u o t e d . T h e  i n f r a r e d  and u l t r a v i o l e t  s p e c t r a  o f  t h i s  substance,' and i t s  
isomers d escribed  l a t e r ,  a g re e d  in  a l l  r e s p e c t s  w i th  t h e  d a t a  quoted in  
th e  l i t e r a t u r e , 51,52 c a rb o n y l  band i s ,  as expected , at h ig h e r  .
f r e q u e n c ie s  th a n  in  t h e  4-quinolone s e r i e s  b ec a u se  o f  t h e  in d u c t iv e  e f f e c t  
o f  t h e  n e ig h b o u r in g  n i t r o g e n  atom , and th e  m olar  ex tin c tio n  c o e f f i c i e n t  
in  th e  u l t r a v i o l e t  spectrum i s  much lo w e r  th a n  t h a t  o f  t h e  c o r re s p o n d in g
4 -q u in o lo n e .  '■
1 , 7- f û m e t h y l - 2-q u in o lo n e  was formed in  e s s e n t ia l ly  t h e  same m anner, 
fo llo w in g  S p a th *s p r o c e d u r e . 53 Tliis in v o lv e d  th e  u se  o f  a so lv en t (benzene) 
and a d d i t io n  o f  a  .combined s o l u t i o n  o f  p o t a s s i u m ' f e r r i c y a n i d e  and • 
potassium h y d ro x id e  in  w a te r .  D i f f i c u l t i e s  were e n c o u n te re d  b e c a u se  th e  
f e r r i c y a n id e  p r e c ip ita te d  a t  t h e  s t i p u l a t e d  c o n c e n t r a t i o n ,  and so t h e  two 
re a g e n ts  w ere added s e p a r a t e l y  b u t  sim ultaneously when th e  1 , 8 -analogue  
was p re p a re d .  In  t h i s  c a se  a lso  i t  was found b e s t  t o  omit t h e  s o l v e n t , 53
Conversion o f  th e dim ethylquinolones (XXV) inbo th e ir  corresponding  
thioquinolones (XXVl) proceeded smoothly w ith phosphorus pentasu lphide in  
b o i l i n g  x y le n e ,  . '
N.m.r. sp ectra  Nos. 9 and 10 are ty p ic a l o f the d im cthyl-2-quinolone and 
- 2- th io q u in o lo n e  s e r i e s .
P r e p a r a t io n  o f  1 ,  ^-D im e th y l -2 - q^ iii  no lo n e  and t h e  c o r re s p o n d in g  
Thio-A nalogne ^
. R eac t io n  Scheme
(XXXVI)
(XXXVIII)
CE
(XL)
(XLII)
(XXXVII)
COOK
(XXXIX)
CH<
(XLI)
Ih order to  obtain  5-n eth y lq n in o lin e  (XL) in  an unambiguous vay , i t  uas 
necessary to  b lock  one o f  th e  p o s it io n s  ortho to  the amine group.in  the  
compound su b jected  to  th e  Skraup rea c tio n , and thus exclude the form ation  
of the 7-m eth ylqu inolin e. The above scheme (XXXVTtXLIl) o u t lin e s  th e proce, 
dure. 1  ^ :
il  -
S - îT i t ro -U -m e th y la n i l in e  (XXXVI) was c o n v e r te d  to  4-m eth yl-2-  
n i t r o b e n z o n i t r i l e  (XXXVIl) by  tn e  Sandraeyer r e a c t i o n  u s in g  cunrous 
cy an id e .  A lthough th e  l i t e r a t u r e  methods f o r  t h e  p r e p a r a t i o n  o f  t h i s  
compound58,59,60 g^ote y ie ld s  o f 70-90#^ th e b e st^ y ie ld  obtained in  '
•the p r e s e n t  case  was and i n  most c a se s  t h e  y i e l d  v as  v e ry  much
low er even though  v a r io u s  m o d i f i c a t io n s  were employed. ITiementowshi’ s ' 
procedure^® was fo l lo w e d  in  th e  f i r s t  i n s t a n c e , b u t  t h e  p r a c t i c a l  
d e t a i l s  w ere r a t h e r  s c a n t i l y  d e s c r ib e d .  For i n s t a n c e ,  no s p e c i a l  
p r e c a u t io n s  w i th  r e g a r d  t o  te m p e ra tu r e  were q u o te d .  The d i a z o t i s a t i o n  
was t h e r e f o r e  c a r r i e d  ou t w i th  i c e  c o o l in g ,  as u s u a l l y  s p e c i f i e d  f o r  
t h i s  s ta g e  o f  a San,dmeyer r e a c t i o n ,  b u t  a v e ry  poor y i e l d  was o b ta in e d .
O ne,cause o f  t h i s  seemed t o  be  t h e  in c o m p le te  c o n v e rs io n  o f  t h e  amine 
to  i t s  s a l t  by  H iem entowski*s m ethod,58 th ich  c o n s i s t e d  in  d i s s o l v i n g  
the amine i n  a  l a r g e  volume o f  w a te r  and th e n  a c i d i f y i n g .  In  l a t e r  
experiments t h e  amine was f i r s t  converted i n t o  t h e  s a l t  by means o f  
c o n c e n t r a te d  hydrochloric a c i d ,  and th e  r e s u l t i n g  s u sp e n s io n  was th e n  
d i l u t e d  w ith  w a te r .  In  an a t te m p t  t o  improve t h e  y i e l d , t h e  d ia z o t isa ­
tion  step  was c a r r i e d  o u t  at room tem perature , ^0 b u t  w i th  no s u c c e s s .  
Although î ' î i e m e n t o w k s i 5 8  q u o te s  a much h ig h e r  m.p, ( l0 1 ° )  th a n  t h e  
J a p a , n e s e  w o r k e r s 5 8  ( 96 *^ ) i t  i s  i n t e r e s t i n g  t o  n o te  t h a t  he l a t e r  r e fer s
to  t h e  compound as a "brown o i l " .  A f te r  c r y s t a l l i s a t i o n  from e th a n o l  the
ocompound had  m .p. 100  .
R eduction  o f  t h e  n itr o  compound (XXXVIl) t o  2 -o m in o -U -m e th y lb e n z o n itr i le -  
(XXXVIII) was e f fe c te d  by means o f t in  and hydrochloric a c id . Again the  
la c k  o f  d e ta i l  g iv e n  by h iem entow ski58  uas  a so u rc e  o f  t r o u b l e .  I t  was 
found t h a t  the c o n c e n t r a t i o n  o f  t h e  h y d r o c h lo r i c  a c i d  was r a t h e r  c r i t i c a l ,  
th e  n i t r i l e  group becoming p a r t i a l l y  hydrolysed t o  g iv e  2-am ino-H - 
methylb en z ami de i f  t h e  a c i d  was f a i r l y  s t r o n g .
CN
-  5 2  -
The sm all amount o f  the r e q u i r e d  a m i n o - n i t r i l e  (iCOIVIIl) formed was, 
how ever, r e a d i l y  s e p a r a t e d  from t h e  amide s in ce  i t - w a s  s o lu b le  in  
benzene . The i n s o l u b l e  amide was i d e n t i f i e d  from t h e  in frared  spectrum.
By u s in g  aqueous h y d r o c h lo r i c  acid  t h e  n i t r i l e  (XXXVIII) was ' 
produced  in  91% y i e l d ,  accompanied by o n ly  7,7% o f  t h e  amide. On 
l i b e r a t i n g  t h e  f r e e  b a s e  by means o f  sodium h y d ro x id e ,  i t s  e x t r a c t i o n  
by ch lo ro fo rm  was found t o  be  im p o s s ib le  b eca u se  o f  t h e  fo rm a t io n  o f  
e m u ls io n s .  T h is  emulsion was t h e r e f o r e  v e ry  s l i g h t l y  r e - a c i d i f i e d ,  
whereupon t h e  f r e e  b a s e  rem ained  in  th e  ch lo ro fo rm  l a y e r ,  and t h e  two 
phases  s e p a r a t e d  w i th o u t  d i f f i c u l t y .  ■ ‘
5 - M è th y lq u in o l in e - u - c a r b o x y l i c  a c id  (XXXIX) has  been p r e p a r ed ly  
Jakobow sk i,5^ and l a t e r  by  Bradford, E l l i o t t  and Rowe^^ in  c o n n e c t io n  
w ith  a study o f  t h e  o r i e n t a t i o n  in  Skraup r e a c t i o n s  w i th  m eta  s u b s t i t u t e d  
a n i l i n e s ,  B ra d fo rd  e t  c o n d i t io n s  d i f f e r e d  from J a k o b o w s k i ’ s ^ ^  as
fo llow s :
a) sodium m -n i t ro b e n z e n e  su lphona.te  was u sed  as t h e  o x i d i s i n g  
agen t r a t h e r  th a n  a r s e n i c  a c i d  and
b) a d i l u t e  s o l u t i o n  o f  s u lp h u r i c  a c i d  r a t h e r  th a n  th e  
c o n c e n t r a te d  form was used.
Sodium m -n i t ro b e n z e n e  s u lp h o n a te  i s  sa id  t o  im prove t h e  y i e l d s  in  the  
'Skraup r e a c t i o n ,  and t h e  sulphonate can be e a s i ly  s e p a r a t e d  from t h e  
r e a c t i o n  p ro d u c ts  owing to  i t s  w a te r  s o l u b i l i t y ,  JJse o f  d i l u t e  s u lp h u r i c  -, 
a c id  sh o u ld  m inim ise t h e  p ro d u c t io n  o i t a r s , -  and redupe  th e  v io l e n c e  o f  
th e  r e a c t i o n .  B ra d fo rd  e t  al.h^^ method was t h e r e f o r e  ch o se n ,  and i t  was 
decided t o  add f e r r o u s  s u lp h a t e  as an oxygen c a r r ie r p b u t  a g a in  t r o u b l e  
was caused  by  m is l e a d in g  e x p e r im e n ta l  d e t a i l s .  I t  i s  a l l e g e d  t h a t  th e  
Skraup p r o d u c t  (XXXIX) can b e  i s o l a t e d  in  c r y s t a l l i n e  form a fte r  b a s i f y i n g  
th e  r e a c t i o n  m ix tu re  fo l lo w e d  by a c i d i f i c a t i o n  w i th  g l a c i a l  a c e t i c  a c id . 
Since t h i s  t r e a t m e n t  p ro d u ced  a b l a c k  o i l ,  in  which a d m i t t e d ly  a  few 
cry sta ls  were d isp ersed , i t  was decided.to" i s o la t e  th e  product by means o f  
th e  mercuric c h l o r i d e  doub le  s a l t .  By t h i s  m o d i f i c a t io n  th e  y ie ld  o f  th e  
acid (](XXIX) was i n c r e a s e d  f r o m  10% to  28%.
53 -
H ea t in g  th e  a c i d  (XXXIX) w i th  a m ix tu re  o f  ca lc iu m  o x id e ,  copper o x id e  
and copper "bronze a c c o rd in g  t o  S e i b e r t  e t  a l .G 3  gave 5-m e th y lq u â n o l in e  
(XL) in  y i e l d .  The i n f r a r e d  spec trum  o f  t h i s  compound was in  agreem ent 
w ith  p u b l i s h e d  r e s u l t s . F o r m a t i o n  o f  1 ,  5- d i n e t h y l - 2~ q u in o lo n e -(X L l)  
and i t s  t h i o - a n a lo g u e  (X LIl)  was a c h ie v e d  as p r e v i o u s l y  d e s c r ib e d  f o r  
1 , 7“ d im e th y l~ 2-q u in o lo n e .
P r e p a r a t io n  o f  1 ,  b-D ih y d ro -^ , 4 ,  7- t r i m e t h y l - l - o x o n a p h t h a l e n e  
R e a c t io n  Scheme
(X L III)
CH3 CEa
(XLIV)
CH
CH
0 0
(XLV) (XLVI)
.CHs
0
(XLVII)
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In th e ir  attempt to  e s ta b lish  th e stru ctu re  o f  ion en e, Tiemann and: 
KrugerGS found th a t on heatin g  a-ionone(%U3l;) ' w ith hydriod ic acid  in
t h e  p r e s e n c e  o f  a sm a l l  amount o f p h o sp h o ru s ,  a -m o le c u le  .o f water was 
removed. A hydrocarbon was formed which they named ion cn e, t a  which 
they a s s ig n e d  th e fo l lo w in g  formula:  ^ ‘
CEg CH3
C H ^
CH ■
CH-
S in c e ,  however, th is  compound co u ld  e a s i ly  be n itra ted  and sulphonated, 
Bogert and F o u r m a n ^ * *  co nc luded  th a t ionene must be aromatic and proposed 
structure (XLIV). They found t h a t  ionene (XLIV) was formed by t h e  
cydodehydration o f a-ionone (X L II l)  on d i s t i l l i n g  i t  w i th  a  c a ta ly t ic  
amount o f  i o d i n e .  The s p e c t r a l  ev id en ce  obtained during t h is  work i s  in  
f u l l  accord w ith s t r u c t u r e  (XLIV). The n .m .r. spectrum q u ite  c le a r ly  
shows- t h e  p r e s e n c e  o f  t h r e e  CII2 g ro u p s ,  and t h r e e  a ro m a t ic  p r o to n s ;  t h e  
chemical s h i f t  o f  th e m ethy l group i s  co n s isten t w ith  i t s  s u b s t i t u t i o n  
on an arom atic^nucleus. The u l t r a v i o l e t  spectrum i s  th a t o f  an aromatic' 
compound, and th e in frared  spectrum e x h i b i t s  an in ten se  a b s o r p t i o n  band at 
819 cm.“ ^, w hich  i s  c o n s i s t e n t  w i th  t h e  p re s e n c e  o f  two adjacent f r e e  r i n g  
hyd rogens .
Conversion o f  io n e n e  (XLIV) t o  4, 7 -tr im c th y l- l- te tr a lo n e  (XLV) was 
achieved by th e method o f  Büchi and P a p p a s , G6 tfn ich  in v o lv e d  o x id is in g  
ionene w i th  chromium t r i o x i d e  in  a c e t i c  a c i d  s o l u t i o n .  • The k eto n ic  f r a c t i o n -  
tms is o la te d  by means o f  Girard T reagent; th e non-ketonic product was shown 
PV gas l iq u id  chromatography to  c o n s is t  o f f iv e  components. The in flu en ce  
c f a conjugated carbonyl group on the aromatic r ing  i s  seen by comparing  ^ ^
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th e  u l t r a v i o l e t  spec trum  o f  t h i s  t e t r a l o n e  w ith  t h a t  o f  t h e  p recu rsor, 
ion en e .  A h a th o ch ro m ic  s h i f t  had  o c c u r r e d ,  and correspondingly an 
in c r e a s e  i n  t h e  m o lar  e x t i n c t i o n  c o e f f i c i e n t  o f •th e  lo n g  .w avelength 
a b s o rp t io n  b an d .  The e f f e c t  o f  th e  c a rb o n y l  group i s  a l s o  a p p a re n t  
in  th e  n .m .r . spectrum, where proton 8 has been d e s h ie ld e d  by 0 .9 8  p .p .m .  
and th e  a b s o r p t io n s  o f  t h e  s a t u r a t e d  r i n g  have  been  v e ry  much s i m p l i f i e d  
in t o  an A2B2 system . Tlie 2 ,  ^ -d in i t ro p h e n y lh y d ra z o n e  o f  t h e  t e t r a l o n e  
gave a m e l t in g  p o i n t  ^ . 5° h ig h e r  th a n  th e  q uo ted  v a lu e .
4 , T -T rim eth y l-l-te tra lo n e  (XLV) was c o n v e r te d  i n t o  2-bromo-4, 
J - tr im e th y l- l- te tr a lo n e  (XLVI) in  e t h e r e a l  s o l u t i o n .  The c a rb o n y l  • 
a b s o r p t io n  in  t h e  i n f r a r e d  spec trum  o f  t h i s  compound i s - c o n s i s t e n t  w i th  
th e  f re q u e n c y  e x p e c te d  f o r  an a-brom o^substituted k e to n e .  In  t h e  n.m .r. 
spectrum  th e i n f l u e n c e  o f  t h e  brom ine i s  c l e a r l y  seen  s in c e  t h e  gem inal 
methyl groups a r e  l e s s  s h i e l d e d  and have become n o n - e q u i v a l e n t .
The n o n -e q u iv a le n c e  o f  t h e  two m ethy l groups .has- been  e x p la in e d  by 
Imbach ejb a d , 4,  4 -D im eth y l-l-te tra lo n c  e x i s t s  in  two co n fo rm a tio n s  
A and B, which are i n t e r c o n v e r t e d  so r a p i d l y  t h a t  an average p o s i t i o n  i s  
o b ta in e d  f o r  t h e  p s e u d o - a x ia l  and th e  p s e u d o - e q u a t o r i a l  methyl g ro u p s .
H H
CH
H H
(A) (B)
On su b s titu tin g  a bromine atom adjacent to  the carbonyl fu n c tio n , however, 
d ifferen ce  in  energy between the two conformers i s  in crea sed , and th e  
r a t e  o f  th e ir  i n t e r c o n v e r s i o n  .consequently decreased.
-  5^ -
Tile b rom ine atom p r e f e r e n t i a l l y  o ccu p ie s  t h e  p s e u d o - e q u a t o r i a l  p o s i t i o n  
in  o rd e r  t o  m in im ise  t h e  s t e r i c  i n t e r a c t i o n s  w i th  t h e  a x ia l m ethy l group. 
F urtherm ore  i t  was suggested^  ^ t h a t  t h e  more desh ielded  methyl peak 
p ro b a b ly  c o r re sp o n d s  t o  t h e  p s e n d o - a x ia l  m e thy l group; a d i f f e r e n c e  o f  
0 .0 6  p.p.m . betw een t h e  two methyl groups was found . This i s  i n  good 
ag reem en t•w i th  t h e  O.O8 p .p .m .  chem ica l  s h i f t  d i f f e r e n c e  o b s e rv e d ,  i n  t h e  
p r e s e n t  w o rk , w i th  2 -b rom o-4 , 4 ,  7 - t r i m e t h y l - l - t e t r a l o n e  (>ILVI) .
The n . m . r .  sp ec tru m  o f  t h i s  compound shows a  t r i p l e t  f o r  th e  C l|-B r g ro u p ,  
due to  e q u a l  coupling t o  t h e  p r o to n s  o f  t h e  a d j a c e n t  m e thy lene  group.
The u l t r a v i o l e t  sp ec tru m  o f  t h i s  compound (XLYl) d e m o n s tra te s  t h e  
auxochromic p r o p e r t i e s  o f  brom ine,t h e r e  being a ba th o ch ro m ic  s h i f t  o f  
5 my in  t h e  long w av e le n g th  b and  a s  compared w ith t h é  precursor (XLV), 
and th e  m o la r  e x t i n c t i o n  c o e f f i c i e n t  i s  in creased .
1 , 4 -D ih y d ro -4 ,  4 ,  T -trim eth yl-l-oxon ap th alen e (XLVII") was prepared by 
dehy d ro b ro m in a tin g  (>lLVI) , The n . m . r .  spectrum (îîo. 11) o f  t h i s  compound 
e x h i b i t s  e q u iv a le n c e  o f  t h e  gem-d im eth y l p r o t o n s ,  t h e  bromine atom no 
longer bein g  p resen t. P ro to n  8 absorbs as a broad s i n g l e t , a t  low f i e l d  
because o f  t h e  i n f l u e n c e  o f  the a d ja c e n t  c a rb o n y l  group . I t s  s l i g h t  
b ro ad en in g  must be  due t o  a met a coupling w ith  proton 6 -, s i n c e  spin  
decoup ling  from t h e  a d j a c e n t  m e thy l group has  no e f f e c t  on t h e  spectrum. 
Coupling between p ro to n s  2 and 3 , and betw een protons 5 and 6 produces two 
AB q u a rte ts , and th e  Au/j v a lu e  o f  th e  l a t t e r  i s  such t h a t  t h e  two o u te r  
absorptions a r e  l o s t  in  t h e  n o ise . The n . m . r ;  spectrum o f  t h i s 'compound 
(No. 1 1 ) i s  d i s p la y e d  as a  t y p i c a l  example o f  t h e  1 , A-d i h y d r o - t r i m e t h y l -  
1- oxenaphthalene s e r i e s .
P r e p a r a t io n  o f  1 ,  ^- P ih y d r o - H, ^ , 6- t r im e th y 1 -1 -o x o n a p h th a le n e
A f te r  s tu d y in g  t h e  l i t e r a t u r e  two p o s s i b l e  schemes w ere c o n tem p la ted  
f o r  t h e  p r e p a r a t i o n  o f  t h i s  compound
Scheme A
ff 0
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Scheme A
On c o m p ar iso n j Scheme A o f f e r s  th e  s h o r t e s t  r o u t e  t o  4 ,  H, 6~ t r i m e t h y l -  
l~ o x o ~ l ,  H -d ih y d ro n a p h th a le n e  ( L I I I ) .  I t  o n ly  becomes w o rk a b le ,  how ever, 
i f  t h e  F r i e d e l - C r a f t s  r e a c t i o n  p ro cee d s  m a in ly  as shown, and i f  any 
o th e r  isom ers  formed can be  removed. I t  was d e c id e d  t o  a t te m p t  t h i s  
approach in  t h e  f i r s t  i n s t a n c e .
- R e a c t io n  o f  e t h y l  l a e v u l i n a t e  (IL ) w i th  m e thy l magnesium io d id e  i s  
ex p ec ted  t o  p ro d u ce  t h e  y - l a c t o n e  ( l ) d i r e c t l y  r a t h e r  th a n  t h e  
c o r re sp o n d in g  hydroxy  a c i d ,  s in c e  deco m p o si t io n  .o f  t h e  G rig n a rd  complex • • 
w ith  m in e r a l  a c i d  f a v o u rs  t h e  fo rm a t io n  o f  t h i s  f ive-m em bered  r i n g ;  a t  
t h e  same t im e  th e  e thoxy  group i s  p resum ably  e l im i n a te d  in  t h e  form o f  
e thoxy magnesium io d i d e .
V arious  w orkers  have o b ta in e d  t h i s  l a c to n e  in  p o o r  y i e l d .  Cason e t . a l . , 6 9  
how ever, p r e p a r e d  t h e  ana logous  Y -m e th y l -Y -p ro p y lb u ty ro la c to n e . in  a 
g r e a t l y  im proved y i e l d  by  u s in g  b e n z e n e ,  which d i s s o lv e d  th e  e t h e r - i n s o l u b l e  
components. A pply ing  t h i s  im proved v e r s io n  t o  t h e  p r e p a r a t i o n  o f  t h e  
l a c to n e  (L ) ,  A rno ld  e t . a l . ^ '  in t r o d u c e d  y e t  a n o th e r  m o d i f i c a t io n .  A f t e r
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d ecom posi t ion  o f  t h e  G r ig n a rd  complex w ith  s u lp h u r i c  a c i d  th e y  e x t r a c t e d  
th e  o rg a n ic  l a y e r  (A) w i th  a l k a l i ,  p resum ably  in  o r d e r  t o  i s o l a t e  th e  
hydroxy a c i d  c o r re s p o n d in g  to  t h e  l a c t o n e .  A c i d i f i c a t i o n  o f  t h e  a l k a l i n e  
e x t r a c t  was a l l e g e d  t o  g iv e  t h e  p u re  l a c t o n e . ( L ) .
An a t te m p t  was made t o  fo l lo w  t h i s  p ro c e d u re ,  b u t  i t  was. found t h a t  
on ly  a  v e ry  sm a l l  amount o f  m a t e r i a l  had  been  c o l l e c t e d  in  t h e  a l k a l i n e  
l a y e r .  The p r o d u c t ,  i s o l a t e d  from t h e  a c i d i f i e d  e x t r a c t  by means o f  
e t h e r ,  was a  c a r b o x y l i c  a c i d .  In  t h e  i n f r a r e d  i t  showed c a rb o n y l  
a b s o rp t io n  a t  1710 c m .- l  as  w e l l  as t h e  c a rb o x y l ic  OH s t r e t c h i n g  v i b r a t i o n s  
in  th e  3000 cm.~^ r e g io n .  By k ee p in g  an e t h e r e a l  s o l u t i o n  o f  t h i s  a c i d  in  
c o n ta c t  w i th  h y d r o c h lo r i c  a c i d  f o r  t h r e e  h o u r s ,  .a v e ry  sm a l l  amount o f  
ex tre m e ly  impure l a c t o n e  (L ).w as f i n a l l y  o b ta in e d .  .
When t h e  o rg a n ic  l a y e r  (A) was e v a p o ra te d  th e  r e q u i r e d  l a c to n e  was 
o b ta in e d ,  b u t  o n ly  i n  a po o r  y ie . 'd .  Thus t h e  m o d i f i c a t io n  o f  A rno ld  e t . a l . G ?  
p roved  t o  be an u n n e c e ss a ry  c o m p l ic a t io n .
F r a c t i o n a l  d i s t i l l a t i o n  y i e l d e d  a p ro d u c t  which g a s - l i q u i d  chrom atography  
showed t o  be  p u r e .  The i n f r a r e d  spec trum  e x h i b i t e d  a t y p i c a l  l a c to n e  
ca rb o n y l a b s o r p t io n  a t  1775  cm.~^.
C onversion  o f  t h e  l a c t o n e  (L) t o  ^ , 4 ,  6 - t r i m e t h y l - l - t e t r a l o n e  (L I)  was 
a t te m p te d  by means o f  a F r i e d e l - C r a f t s  r e a c t i o n  w i th  t o l u e n e .  D uring  th e  
p r e p a r a t i o n  o f  y - p h e n y lb u ty r ic  a c i d  by c o n d e n sa t io n  o f  benzene w i th  
Y -b u ty ro la c to n e  in  t h e  p r e s e n c e  o f  aluminium c h l o r i d e ,  th e  fo rm a t io n  o f  
a - t e t r a l o n e  as a b y -p ro d u c t  h as  b een  o b se rv ed  by v a r io u s  w o rk e rs .  I t  lias 
been p r o p o s e d - th a t  t h e s e  r e a c t i o n s  can t a k e  p l a c e  i n 'o n e  o f  two ways :
e i t h e r  l )  The l a c to n e  r i n g  opens w i th  r e s u l t i n g  a l k y l a t i o n  o f  t h e  
a ro m a t ic  r i n g  fo l lo w e d  by c y c l i s a t i o n  th ro u g h  a c y l a t i o n
o r  2) The l a c to n e  r i n g  opens and f i r s t  a c e t y l a t e s  t h e  a ro m a tic  
r i n g  fo l lo w e d  by c y c l i s a t i o n  th ro u g h  a l k y l a t i o n .
-  6o
Truce and O l s e n f o u n d  t h a t  t h e  r a t i o  o f  a - t e t r a l o n e  to  y - p h e n y lb u t r i c  
a c id  in c r e a s e d  w ith  an in c r e a s e  o f  t h e  m olar  r a t i o  o f  aluminium c h l o r i d e  
to  l a c t o n e .  Mosby^l r e p o r t e d  t h a t  when condensing  x y le n e  w ith  v a l e r o l à c t ô n é , 
good y i e l d s  o f  p u re  x y l y l v a l e r i c  a c id s  w ere o b ta in e d  i f  t h e  F r i e d e l  C r a f t s  
complex was h y d ro ly s e d  im m ediately, but t h a t  i f  th e  m ix tu re  was a l low ed  
to  stand , o r  i f  i t  was h e a t e d  f o r  any l e n g th  o f  tim e, th e n  some tr im eth y l-
1 - t e t r a l o n e  was o b ta in e d  by p a r t i a l  c y c l i s a t i o n .  They, to o , s u g g e s te d  
t h a t  a d d i t i o n a l  aluminium c h l o r i d e  m ight a f f e c t  c y c l is a t io n . Arnold,
Buckley and R ic h te r^ ?  o b ta in e d  U, ^ -d im eth y l-l-te tra lo n e  in  70^ y i e l d  by 
condensing  y ,  y -d im e th y lb u ty ro la c to n e .  w i th  benzene in  th e .  p re s e n c e ,  o f  ' • 
aluminium ch lo r id e , and h e a t i n g  th e  complex for t h r e e  h o u rs  t o  e f f e c t  
c y c l i s a t i o n .
'
A:.though t h e  r e a c t i o n  o f  y , y -d im e th y l -b u ty r o la c to n e  (L) w i th  to lu e n e  
was e x p e c te d  t o  p ro d u ce  a m ix tu re  o f  isom ers, i t  was hoped t h a t  s e p a r a t io n  
o f  th e  d e s i r e d  4 ,  6 - t r i m e t h y l - l - t e t r a l o n e  (L l )  would succeed. F o llow ing  
th e  p ro c e d u re  o f  A rn o ld ,  Buckley and R i c h t e r , how ever,  t h e  r e a c t i o n  
product was shown by g a s - l i q u i d  chromatography t o  c o n s is t  o f  two major 
components in  a  1 :1  r a t i o ,  admixed w ith  seven  o th e r  components. T rea tm en t 
o f  t h i s  m ix tu re  w i th  B rad y ’s r e a g e n t  gave an o range  c r y s t a l l i n e  s u b s t a n c e ,  
w h ile  t h e  2 ,  4 - d in i t r o p h e n y lh y d ra z o n e  o f  t h e  c o n ju g a te d  k e to n e  (L I)  sh o u ld  
form, a r e d  p r o d u c t ;  ( c . f .  t h e  2 , 4 - d in i t r o p h e n y lh y d ra z o n e  o f  ^ , 4 ,  7 -  
t r i m e t h y l - l - t e t r a l o n e ) ,  The i n f r a r e d  spectrum  o f  th e .  c ru d e  .m ix ture  
e x h ib i t e d  an i n t e n s e  c a rb o n y l  p eak ;  t h i s  was n o t  due t o  u n c y c l i s e d  a c i d , . 
as shown by  t h e  absence  o f  OH s tre tch in g  v i b r a t i o n s .  The n . m . r .  spectrum  
o f  th e  m ix tu re  showed th e  p re s e n c e  o f  a t  l e a s t  t h r e e  components, a l l  
c o n ta in in g  a ro m a t ic  m e thy l g roups w i th  s l i g h t l y  d i f f e r e n t  chem ical s h i f t s .  
Because o f  t h e  com plexity o f  t h e  m ix tu re  p ro d u ced ,  scheme A was abandoned.
#
Scheme B . . .
Commercially a v a i l a b l e  p -m e th y lc in n am ic  acid (LIV) was c o n v e r te d  i n t o  t h e  
c o r re sp o n d in g  e t h y l  e s t e r  (LV) b e f o r e  the reduction f o r  t h e  following r e a so n s
a61.
) t h e  a c i d  i s  r a t h e r  i n s o l u b l e  in  e t h e r
b)  l i t h i u m  alurainium h y d r id e  n o rm a l ly  r e a c t s  more s a t i s f a c t o r i l y  
w i th  e s t e r s
c) l e s s  r e a g e n t  i s  r e q u i r e d .
A f te r  r e d u c t io n  t o  S - p y t o l y l - l - p r o p a n o l  (LV I), t h e  d i s t i l l a t e  was found ,  
by g a s - liq u id  chrom atog raphy , t o  c o n s i s t  o f  two m ajor p ro d u c ts  in  equal 
p r o p o r t i o n s ,  t o g e t h e r  w i th  a th ird  minor component. The i n f r a r e d  spec trum  
showed q u i t e  c l e a r l y  t h e  presence o f  u n s a tu r a t e d  compounds, and a 
c a rb o n y l  contain ing compound w hich.was n o t ,  how ever, t h e  s ta r t in g  e s te r  
(LV). I t  was th o u g h t  p ro b a b le  a t  t h i s  s t a g e  , t h a t  t h e  r e a c t i o n  product-, ' . 
c o n s i s t e d  m a in ly  o f  a  m ix tu re  o f  3 - p - t o l y l - l - p r o p a n o l  (hVl) and 
pym ethy lc innam yl a l c o h o l .  The t h i r d  sm a l l  component was i d e n t i f i e d  by 
i n f r a r e d  spectroscopy as e t h y l  3 - p - t o l y lp r o p io n a t e '  i . e .  t h e  double  bond had  
been re d u c e d ,  b u t  n o t  t h e  e s t e r  group. The p re s e n c e  o f  b o th  s a t u r a t e d  and 
u n s a tu r a t e d  a l c o h o l  a t  t h i s  stage was rather u n ex p ec ted  b e c a u s e ,  a c c o rd in g  
to  I'lystrom and B r o w n , c i n n a m i c  a c id  undergoes  c o n c u r re n t  r e d u c t io n  a t  the  
double bond when r e a c t e d  w i th  l i t h i u m  aluminium h y d r id e .  They s t a t e  t h a t  
t h i s  i s  a  c h a r a c te r is t ic  r e a c t i o n  when t h e ■e t h y le n i c  group i s  s u b s t i t u t e d  on 
one s id e  by  a p h en y l  g ro u p ,  and on th e  o th e r  s id e  by a  r e d u c i b l e  g roup .
A p p a re n t ly  r e d u c t io n  o f  t h i s  ty p e  o f  double  bond o c c u rs  by way o f  an oxygen 
s e n s i t i v e  organom etallic a d d i t i o n  compound c o n ta in in g  a  carbon-aluminium bond , 
which on h y d ro ly sis  i s  th e n  r e p la c e d  by a CH bond , w i th  t h e  so lv en t p r o v id in g  
th e  II atom.
However, t h e  f in d i n g s  in  t h i s  e x p e r im e n t ,  a l th o u g h  a t  v a r ia n c e  w ith  th o s e  
o f  Nystrom and B r o w n , a r e  in  agreem ent w i th  t h o s e  o f  C o l l i n s . He s ta te s  
t h a t  in  c e r t a i n  compounds o f  t h e  cinnam yl t y p e ,  double  bond reduction does 
no t o ccu r  r e a d i l y ,  and even on r e f l u x i n g  f o r  s e v e r a l  h o u rs  w i th  ex ce ss  
r e a g e n t  conversion t o  t h e  s a t u r a t e d  a l c o h o l  i s  incom plete.
I t  was t h e r e f o r e  d e c id e d  t o  hydrogenate t h e  m ix tu re  in  t h e  p r e s e n c e  o f  a 
palladium c a t a l y s t ;  t h e  h y d ro g e n a te d  product was h y d ro ly s e d  in 'o r d e r -  so t o  
remove un red u ced  e th y l p - t o l y l p r o p i o n a t e .  A f te r  fr a c t io n a t in g ,3 -p - to ly l-  
propano l (LVI) was obtained in  a pure s t a t e .  -
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l -B ro m o -S -p - to ly lp ro p a n e  (LVII) was p r e p a r e d  from t h e  a lc o h o l . , (L V I) by 
th e  ^action  o f  dry  hydrogen  brom ide a t  100° .
In  o r d e r  to i  form 2 - m e t h y l - 5 - p - to l y lp e n t a n - 2 - 0 l  ( L V I I I )•, t h e  G r ig n a rd  \ '
r e a g e n t  was p r e p a r e d  from t h e  brom ide ( LV II) and magnesium, and t h i s  was 
r e a c t e d  w i th  acetone.
1 ,  2 ,  3 ,  ^ -T e t r a h y d r o - 1 , 1 ,  7 - t r im e th y ln a p h th a le n e  (LIX) was formed by 
th e  c y c lo d e h y d ra t io n  o f  t h e  a l c o h o l  (L V I I I ) w ith  s u lp h u r ic  a c i d  a t  room 
t e m p e ra tu re  a c c o rd in g  t o  a  p ro c e d u re  by R ob lin  e t . a l . ^ G  There a re  
i n d i c a t i o n s  t h a t  th e  r e a c t i o n  p ro cee d s  f i r s t  by dehydration o f  t h e  a l c o h o l  
to  t h e  O l e f i n e ,  and th e n  rea r ran g e m en t  a f t e r  c y c l i s a t i o n ,  r a t h e r  th a n  by" 
c y c l i s a t i o n  o f  th e  a lco h o l ,  w i th  an o r th o  hydrogen o f  t h e  b enzene  r i n g .
C onvers ions  t o  compounds L I ,  L I I  and th e  f i n a l  p r o d u c t ,  1 ,  ^ - d i h y d r o - ^ ,  
u - t r i m e th y l - 1 - o x o n a p h th a l è n e  ( L I I I )  were a c h ie v e d  in  a  s i m i l a r  manner t o  
th o s e  p r e v io u s l y  d e s c r ib e d  f o r  t h e  U, 1+, 7 - is o m e r .  S l i g h t  m o d i f i c a t io n s  
were in t r o d u c e d  a t  two s t a g e s  which r e s u l t e d  in  improved y i e l d s ;  t h e s e  a re  
d e s c r ib e d  i n  t h e  e x p e r im e n ta l  s e c t i o n .
The i n f r a r e d ,  n . m . r .  and u l t r a v i o l e t  s p e c t r a  o f  t h e s e  compounds were 
v ery  s i m i l a r  t o  th o s e  o b ta in e d  d u r in g  th e  p r e p a r a t i o n  o f  t h e  U, 7 -isom er. 
The o b v io u s ,  e x p e c te d ,  d ifferen ces  w e re ,  however, seen . The b ro a d  s i n g l e t ,  
f o r  exam ple , a s s ig n e d  t o  proton 8 in  t h e  4 ,  4 ,  7 -isom er now ab so rb s  as a 
d o u b le t  in  th e  U, U, 6 -isom er, due to  c o u p l in g  w i th  p ro to n  7 *
P r e p a r a t io n  o f  1 ,  ^- P ih y d r o - 4 ,  5- t r i m e th y l - 1 - o x o n a p h th a l e n e
R eac tio n  scheme
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A. The f i r s t  a t te m p t  a t  t h e  p r e p a r a t i o n  o f  e t h y l  2 -c y a n o -3 -m e th y l-3 -  
£ - t o l y l h u t y r a t e  (LXII) in v o lv e d
a) t h e  p r e p a r a t i o n  o f  e t h y l  2 - c y a n o - 3 - £ - t o l y l c r o t o n a t e  (LX) by th e  
co n d e n sa t io n  o f  o~m ethy lace tophenone  v i t h  e t h y l  c y a n o a c e ta te ,  fo l lo w e d  by
b) a  G r ig n a rd  r e a c t i o n  betw een  LX and m e thy l magnesium i o d i d e , ' '  *
The p r o d u c t  o b ta in e d  in  t h i s  manner was found t o  be  so impure t h a t  i t  
was d e c id e d  n o t  t o  p e r s e v e r e  w i th  t h i s  method,
A se c o n d ,  s u c c e s s f u l ,  p r e p a r a t i o n  o f  LXII was t h e r e f o r e  a t te m p te d  in  t h e  
fo l lo w in g  manner,
B, a) E th y l  2 - c y a n o -3 -m e th y lc ro to n a te  (LXl) was p r e p a r e d  from 
ace tone  and e t h y l  c y a n o a c e ta te  and
b )  u sed  i n  a  G r ig n a rd  r e a c t i o n  w ith  o - t o l y l  magnesium b rom ide .
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Scheme A
The e a r l y  work on t h e  p r e p a r a t i o n  o f  a lk y lid en e  cyanoacetic e s te r s  was 
c a r r i e d  o u t  by Cope e t . a l . A lthough e a r l i e r  w orkers  had  p r e p a re d  
u n s a tu r a t e d  cyano e s t e r s  by  t h e  K noevenagel condensation u s in g  s e co n d a ry  
amines as c a ta ly s t s ,  Cope and h i s  c o l l a b o r a t o r s ’^ ^ found t h a t  ammonium and 
amine s a l t s ' o f  o rg a n ic  a c id s  were b e tte r  c a ta ly s ts  th a n  t h e  f r e e  b a se s , 
because  th e y  co u ld  f u r n i s h  b o th  a b a s i c  io n  and an acid  io n .  He 
v i s u a l i s e d  t h e  r e a c t i o n  mechanism in  t h e  f o l lo w in g  manner
1 . CH2 (CN)C0 QEt »  [CH(CN)COQEt] + H * E n o lisa tio n  s te p .
2. R2 C= 0  + [cH(CN)COOEt] + H * R2 -C-CH(CN)COOEt •
• OH ■ • ■ ■ ■ ■• '■
,
3. R2-C-CH(CN)C0CEt + H + OH " + R2-C=C(CN)COOEt&
S tage  1 i s  t h e r e f o r e  ca ta ly sed  by th e  b a s i c  i o n ,  and s t a g e  3 by th e  a c i d  
io n .
The c o n d e n sa t io n  o f  t h e  k e to n e  w i th  c y a n o a c e t i c  e s t e r  was t h e r e f o r e  
c a r r i e d  o u t  in  a c e t ic  a c i d  s o l u t i o n ,  b e c a u se  o f  i t s -  i o n i z in g  a b i l i t y ,  
u s in g  ammonium a c e t a t e  as a  c a t a l y s t .  Benzene was u sed  as an i n e r t  s o lv e n t  
which h e lp s  th e  rem oval o f  w a te r  by a z e o t r o p ic  d i s t i l l a t i o n ,
VJhen c i-m ethy lace tophenone  was condensed  w i th  e t h y l  c y a n o a c e ta te ,  as above, 
th e  y i e l d  o b ta in e d  was s i m i l a r  t o  t h a t  o f  Cope e t .a l .^ ^  A f te r  t h e  f i n a l  ' .  
d i s t i l l a t i o n  o f  t h e  product, t h e  lo w e r  b o il in g  f r a c t i o n  was found t o  
c o n ta in  m a in ly -u n ch an g ed  s t a r t i n g  m a t e r i a l j t h e  experiment was t h e r e f o r e  
r e p e a te d  w ith t h i s  f r a c t i o n .  At t h i s  s t a g e  i t  was n o t i c e d  t h a t  an in crea sin g  
amount o f  c r y s t a l l i n e  ammonium a c e t a t e  c o l l e c t e d  in  t h e  Dean and S ta r k  t r a p  
as the r e a c t i o n  p r o g r e s s e d .  F u r th e r  p ortion s o f  c a t a l y s t  were th ere fo re  
added, and by f o l l o w in g  t h e  r e a c t i o n  w i th  g a s - l i q u i d  chrom atography i t  was 
seen t h a t  t h e  y i e l d  c o u ld  be  made a lm os t q u a n t i t a t i v e ,  and t h e  r e a c t i o n  
v i r t u a l l y  d r iv e n  t o  c o m p le t io n ,  by c o n t i n u a l l y  r e p l a c i n g  the c a t a l y s t  as  i t   ^
was removed. In  t h i s  way, a  v e ry  much b e t t e r  y i e l d  (90/^) th a n  t h a t  qu o ted  
"by Cope e t . a l . ? ^  (^T/^) can be  o b ta in e d .
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The i n f r a r e d  and u l t r a v i o l e t  s p e c t r a  o f  t h i s  compound (LX) shov no 
u n ex p ec ted  f e a t u r e s .  The n . m . r .  spectrum, how ever, would su g g e s t  t h a t  
t h i s  compound e x i s t s  as a m ix tu re  o f  t h e  c i s - and t r a n s - fo rm , s in c e  t h e r e  
i s  a d o u b lin g  o f  peaks co r re s p o n d in g  t o  t h e  e t h y l  g ro u p ,,  and f o r  th e  . ■ • 
m e thy l group a t t a c h e d  to  t h e  double  bond as w e l l  as f o r  th e  one 
s u b s t i t u t e d  on t h e  r i n g .  The lower f i e l d  m e thy l a b s o r p t io n s  have been 
a s s ig n e d  t o  t h e  m e thy l group  a t t a c h e d  t o  t h e  double  b o nd , s i n c e ,  by i t s  
r in g i n g  p a t t e r n  i t  i s  o b v io u s ly  n o t  co u p led  t o  any o t h e r  g roup .  The 
h ig h e r  f i e l d  methyl a b s o r p t i o n s ,  a s s ig n e d  t o  t h e  r i n g  methyl group a r e  
s l i g h t l y  b ro a d e n e d ,  and do n o t  e x h i b i t  a r i n g i n g  p a t t e r n .  The most 
l i k e l y  (weak) c o u p l in g  h e r e  i s  t h a t  o f  t h e  r i n g  methyl group w ith  a ro m a tic  
p r o to n s .  , '
In  o r d e r  t o  p ro v e  t h i s  assignm ent, a  double  re so n a n c e  experiment was 
c a r r i e d  o u t .  The a ro m a tic  p ro to n s  were ir ra d ia te d , whereupon th e  two 
h ig h  f i e l d  m e th y l a b s o r p t io n s  in c r e a s e d  in  h e ig h t , p ro v in g  t h e r e f o r e  t h e i r  
c o u p l in g  t o  t h e  r i n g  p r o to n s .  T hus , in  t h i s  compound, t h e  usual o r d e r  o f  
m ethy l p r o to n s  a t t a c h e d  t o  an a ro m a t ic  r i n g  absorbing a t  low er  f i e l d  than 
m ethyl p r o to n s  l i n k e d  t o  a doub le  bond i s  r e v e r s e d .  The n . m . r .  spec trum  
o f  t h i s  compound (No, 12) i s  shown, t o g e t h e r  w ith t h e  s p in  decoupling  
experim en t (No. 1 3 ) .
A G r ig n a rd  r e a c t i o n ,  using m eth y l magnesium i o d i d e ,  was c a r r i e d  out w ith  
e t h y l  2 -c y a n o -3 'g O - to ly lc ro to n a te  (LX). T h is  r e a c t i o n  in v o lv e s  t h e  1 ,  
a d d i t i o n  o f  t h e  G r ig n a rd  r e a g e n t  t o  th e  compound (LX), w ith  th e  su b se q u en t 
k eto-en o l re a r ra n g e m e n t  o f  t h e  h y d ro ly s e d  p ro d u c t  t o  form e t h y l  2-cyanor3^ 
m ethyl-3 -o -to ly lb u ty r a te  (L X II) .
OMcI
OC2H5
(LX)
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t
c — OC2H5
(LXII)
A m ix tu re  o f  t h r e e  components w as, how ever, o b ta in e d '  in  t h i s  manner 
(d e te c te d  by  g a s - liq u id  ch ro m a to g rap h y ) .  S ince  th e  m ix tu re  co u ld  n o t  
be s e p a r a t e d  by f r a c t i o n a l  d i s t i l l a t i o n ,  an attempt was made to  a c h ie v e  
t h i s  by column chromatography w ith  n e u t r a l  alumina. The e l u t e d  f r a c t i o n s  
were examined by g a s - liq u id  chromatography; although t h e  f i r s t  component 
i s o l a t e d  was in  a r e a s o n a b ly  p u re  s ta te  i t s  n . m . r .  spec trum  showed t h a t  
i t  was n o t  t h e  required m a t e r i a l .  T h is  compound co u ld  n o t  be i d e n t i f i e d ,  
A second f r a c t i o n  from t h i s  separation  gave c l e a r  ev id en ce  f o r  t h e  
p re sen ce  o f  o l e f i n i c  p r o to n s .  I t  i s  th erefo re  p o ss ib le  t h a t  n o t  only  
1, 4 -b u t  a l s o  1 , 2 -a d d ition  had  ta k e n  p lace  during th e  Grignard r e a c t i o n .  
The compound th u s  form ed would b e  a  te r t ia r y  a lc o h o l, which would g iv e  an 
o l e f i n e  on d e h y d r a t io n ,  . . •
CH: CN
\
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The n . m . r .  sp ec tru m  o f  t h i s  second  f r a c t i o n ,  a p a r t  from a c l e a r  o l e f i n i c  
m u l t i p l e t  a t  T 5*1 showed a l s o  t h e  absence  o f  t h e  e s t e r  group which was 
borne o u t  by i n f r a r e d  e v id e n c e .  The s t r o n g  a b s o r p t io n  a t  910 c m . w a s  
a s s ig n e d  t o  ^C=CIl2 , a r e a s o n a b le  f re q u e n c y  when t h i s  group i s  in  c o n ju g a t io n  
with a double  bond and y t o  a n i t r i l e  g roup .  The -C=.C- v ib r a t io n - .o c c u r r e d  
a t  1600  cm .~ l;  i t '  was b ro a d  and in ten se .an d  t y p i c a l  f o r  a  c o n ju g a te d  doub le  ■ 
bond. A lthough  t h e  p r e s e n c e  o f  t h i s  compound canno t be  p ro v ed  b e c a u se  i t  
could  n o t  be  i s o l a t e d ,  s p e c t r a l  ev id en ce  i s  in  agreement w ith  t h i s  s t r u c t u r e .
Because o f  t h e  i m p o s s i b i l i t y  o f  s e p a r a t i n g  t h e  components in  t h i s  m ixture, 
scheme A was abandoned.
Scheme B
There were two r e a s o n s  f o r  b e l i e v i n g  t h a t  scheme B m ight s u c c e e d ,  wher; 
scheme A had  f a i l e d :
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a) The i n t r o d u c t i o n  o f  t h e  b u l k i e s t  group n e x t  t o  th e  two m ethy l 
groups m igh t w e l l  be  e a s i e r  th a n  in t r o d u c in g  a m e thy l group 
where a  la rg e  group was a l r e a d y  p r e s e n t .
b )  The d i f f e r e n c e  in  t h e  b o i l i n g  p o in t s  o f  t h e  p ro d u c t  and th e  
s t a r t i n g  m a t e r i a l  was l i k e l y  t o  be  g r e a t e r  th a n  in  scheme A, 
th u s  f a c i l i t a t i n g  i s o l a t i o n  o f  t h e  d e s i r e d  p r o d u c t .
E th y l  2 - c y a n o -3 -m e th y lc ro to n a te  (LXI) was t h e r e f o r e  form ed by 
c o n d e n sa t io n  o f  a c e to n e  and e th y l c y a n o a c e ta te ,  and was th e n  r e a c t e d  
w ith  jo ~ to ly l  magnesium brom ide t o  form e t h y l  2- c y a n o - 3~ m e th y l-3-o_- 
t o l y l b u t y r a t e  (L X II ) ,  This was formed as t h e  m a jo r  component and was 
e a s i l y  s e p a r a t e d  by  d i s t i l l a t i o n  from- fo u r  minor components-. ■- - -
The f a c t  t h a t  in  t h i s  c a se  m a in ly  1 ,  ^-add ition  had  o c c u r r e d ,  w h i le  
m ethyl magnesium io d id e  r e a c t e d  with e t h y l  2-cyano-3-o^tolyT crctonate  
(LX) by 1 ,  2 -a s  w e l l  as  by  1 ,  4 - a d d i t i o n ,  i s  o b v io u s ly  p a r t i a l l y  
dependent on t h e  d i f f e r e n t  s t e r i c  f a c t o r s  in v o lv e d .  The p r o p o r t i o n  o f  
1 , 2- t o  1 , 4 - a d d i t i o n  in  t h i s  ty p e  o f  m o lecu le  i s  v e ry  dependent on th e  
n a tu re  o f  t h e  s u b s t i t u e n t  g roups  and t h e i r  s p a t i a l  e f f e c t s .
The h y d r o ly s i s  o f  compound LXII to  3-m ethyl-3-o—to ly lb u ty r o n itr i le  
(LXin) was a t te m p te d  in  two ways : -
a) t h e  cyan o-ester  was r e f l u x e d  w i th  e t h a n o l i c  p o ta s s iu m  h y d ro x id e
b)- t h e  c y a n o - e s t c r  -was r e f l u x e d  w i th  p o ta s s iu m .h y d ro x id e  in  e th y le p e
g ly c o l .82 . .
\
Method a) gave a p ro d u c t  whose i n f r a r e d  spec trum  s t i l l  showed t h e  
p resen ce  o f  a  n i t r i l e  g ro u p ,  b u t  a l s o  showed t h a t  t h e  e s t e r  group had  
been h y d ro ly s e d  t o  the a c i d  j^._e. t h a t  2 -cyan o-3-m eth y l-3-o - to ly lb u ty r ic  
a c id  had  b een  form ed; th e n .m .r. spec trum  o f  t h i s  compound gave c o n c lu s iv e  
p ro o f  f o r  i t s  s t r u c t u r e .  The a c i d  p ro to n  i s  c l e a r l y  v i s i b l e  a t  T 0 .7 5 ,  and 
a p a r t  from t h e  d i s a p p e a ra n c e  o f  t h e  e t h y l  group th e  r e s t  o f  t h e  sp ec tru m  i s  
very  s i m i l a r  t o  t h a t  o f  t h e  e s t e r .  On heating  a sm a l l  sample o f  t h i s  acid  • 
in  an a t te m p t  t o  convert i t  t o  t h e  n i t r i l e ,  d e c a rb o x y la t io n  seemed t o  occur
TO
a t  170° ,  b u t  an a t te m p t  t o  c a r r y  t h i s  o u t  on a l a r g e r  s c a l e  was 
u n s u c c e s s f u l .  The p y r o l y s e !  p ro d u c t  w a s 'a  m ix tu r e ,  and t h e  i n f r a r e d  
spectrum  showed t h a t  some a c i d  was s t i l l  p r e s e n t .  '
In  view o f  t h i s  th e  more s e v e re  c o n d i t io n s  o f  method b )  w ere u s e d ,  
and n i t r i l e  (L X III)  was s u c c e s s f u l l y  p r e p a r e d  in  t h i s .  way. A sm a l l  
amount o f  an a c i d i c  by-product was a l s o  formed in  t h e  r e a c t i o n ;  i t s  
i n f r a r e d  sp ec tru m  showed t h a t  i t  d id  n o t  c o n ta in  a n i t r i l e  g roup .  The 
a c id  p ro to n  i n  i t s  n . m . r .  spec trum  ab so rb ed  togeth er  w ith  t h e  a ro m a tic  
p r o to n s .  These s p e c t r a  w ere c o n s i s t e n t  w i th  t h e  fo llow in g  s t r u c t u r e .
CHs
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Chemical a n a l y s i s  p ro v ed  t h a t  t h e  compound was in d e e d  3-m eth yl-3-o-  
t o l y l b u t y r i c  a c i d .
The c o n v e rs io n  o f  t h e  n i t r i l e  (L X II I ) i n t o  e t h y l  3 -m e th y l -3 -o _ - to ly lb u ta n o a te  
(LXIV) by means o f  e t h y l  a l c o h o l  and s u lp h u r ic  a c i d  p ro v ed  d i f f i c u l t ;  
when- t h e  r e a c t i o n  t im e  was e v e n t u a l l y  i n c r e a s e d  t o  s i x t y  h o u rs  a m ix tu re  
o f  a c id  and e s t e r  was o b ta in e d .  A n i t r o g e n  t e s t  p ro v ed  t h a t  no amide was 
p r e s e n t .  An a t te m p t  t o  s e p a r a t e  th e  &cid from e s t e r  by  means o f  a l k a l i .  ; 
f a i l e d ,  v i r t u a l l y  no a c i d  b e in g  e x t r a c t e d  in  t h i s  way. E v e n tu a l ly  t h e  two 
components were s u c c e s s f u l l y  s e p a r a t e d  by  f r a c t i o n a l  d i s t i l l a t i o n .  The a c i d  
gave i n f r a r e d  and u l t r a v i o l e t  s p e c t r a  which were i d e n t i c a l  w i th  t h o s e  o f
3 - m e th y l - 3 - £ ~ to ly lb u ty r i c  a c i d  p rev iou sly  i s o l a t e d  a f t e r  h y d r o ly s i s  o f  t h e  
n i t r i l e  by method b )  above . The e s t e r  (LXIV) was f in a l ly  o b ta in e d  in  kl% 
y i e l d ,  which i s  r a t h e r  low. -
S t e r i c  f a c t o r s  w ere p ro b a b ly  r e s p o n s ib l e  f o r  t h e  d i f f i c u l t i e s  e x p e r ie n c e d  
in  t h i s  e x p e r im e n t ,  s in c e  t h e  group in v o lv e d  in  t h e  t r a n s f o r m a t io n s  i s  i n  a  ■ 
crowded p o s i t i o n ,  , ■
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R educ tion  o f  t h e  e s t e r  (LXIV) t o  3 - m e t h y l - 3 - o - to l y lh u t a n o l  (LXV) was 
c a r r i e d  o u t  by means o f  l i t h i u m  aluminium h y d r i d e . 8 3  A lthough t h e o r e t i c a l l y  
t h e  f r e e  a c i d  c o u ld  be  re d u c e d ,  t h i s  ty p e  o f  r e d u c t io n  o f t e n  p ro c e e d s  more 
s a t i s f a c t o r i l y  w ith e s t e r s .  In  t h i s  way a good y i e l d  o f  t h e  a l c o h o l  (LXV) 
was o b ta in e d ,  and a  g a s - l i q u i d  chromatogram o f  t h e  p r o d u c t  b e f o r e  
d i s t i l l a t i o n  showed only t r a c e s  o f  i m p u r i t i e s .
l -B ro m o -3 ~ m e th y l-3 ~ p - to ly lb u ta n e  (hXVl) was formed from t h e  a l c o h o l  
(LXV) by  r e a c t i o n  w i th  hydrogen brom ide .  .A d d i t io n  o f  s u lp h u r i c  a c i d  
d u r in g  t h e  w ork ing -up  p ro c e d u re  i s  suggested  by O rganic S y n t h e s e s . T h i s  
was av o id ed  s i n c e  any u n r e a c te d  a lc o h o l  would be  c o n v e r te d  t o  t h e  s u lp h a t e  
and t h e r e f o r e  l o s t ,  rem oving th e  o p p o r tu n i ty  o f  rep eating  t h e  b ro m in a t iô h .
In  f a c t ,  a l th o u g h  t h e  b ro m in a t io n  was c a r r i e d  o u t  t o  a p p a re n t  c o m p le t io n ,  
a g a s - l i q u i d  chromatogram o f  t h e  p ro d u c t  showed th e  p r e s e n c e  o f  two 
a lm ost e q u a l  com ponents . One o f  th ese  proved t o  be th e s ta r t in g  m a t e r i a l ,  
and t h e  b ro m in a t io n  was t h e r e f o r e  r e p e a te d .  Even a f t e r  t h i s  second t r e a t ­
ment a s m a l l  amount o f  u n r e a c te d  a l c o h o l  was s t i l l  p r e s e n t  which c o u ld  n o t  be 
removed b e f o r e  proceeding t o  t h e  next s ta g e .
There i s  a marked d i f f e r e n c e  between t h e  n . m . r ,  s p e c t r a  o f  t h e  a l c o h o l  
(LXV) and t h e  bromo-compound (LXVl), Two very c l e a r  t r i p l e t s ,  w i th  t h e  
in n e r  l i n e s  s l i g h t l y  i n c r e a s e d  i n  i n t e n s i t y  a r e  o b se rv ed  f o r  t h e  m e thy lene  
p ro to n s  o f  t h e  a l c o h o l ,  and t h i s  can be  t r e a t e d  as a  f i r s t  order system .
In  t h e  bromo-compound, how ever,  t h e  m ethy lene  p ro to n s  absorb  as an A2B2 
p a t t e r n  s i n c e  th e  d i f f e r e n c e  in  ch em ica l s h i f t s  i s  c o n s id e r a b ly  l e s s .  The
m u l t i p l i c i t y  o f  t h e  peaks  a r e  such  t h a t  o n ly  e x t re m e ly  weak a b s o r p t io n s  can •
\
be d e t e c t e d .
• The bromo-compound (LXVI) was r e f lu x e d  w ith p o ta s s iu m  cy an id e  in  e th a n o l  
in  o rd e r  t o  c o n v e r t  i t  t o  4 - m e t h y l - 4 - o - t o l y l v a l e r o n i t r i l e  (LXVII) .  Gas- 
l i q u i d  ch rom atography  showed th e  p ro d u c t  t o  be v i r t u a l l y  p u r e ,  and t h e  
n i t r i l e  p eak  i s  c l e a r l y  v i s i b l e  in  th e  i n f r a r e d  sp ec tru m . As w ith  t h e  
p r e c u r s o r ,  t h e  n . m . r .  sp ec tru m  e x h i b i t s  a v e ry  weak A2B2 pattern  f o r  t h e  . . 
methylene proton s.
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N i t r i l e  ( LXVII) was h y d ro ly s e d  w i th  e t h a n o l i c  p o ta s s iu m  h y d ro x id e  t o
4 -m e th y l-4 -o -to ly lv a le r ic  a c id  (LXVIII), which was i s o l a t e d  as a 
co lo u r le ss  o i l .  The rep la c e m e n t  o f  t h  e n i t r i l e - g r o u p  by t h e  c a r b o x y l ic  
a c id  f u n c t io n  cau ses  a  d ia m ag n e t ic  s h i f t  o f  t h e  g -m ethy lene  p ro to n s  in  
th e  n . m . r .  sp e c tru m . These a r e  now c o i n c i d e n t a l l y  e q u i v a l e n t  w i th  t h e  
a -m e thy lene  p r o t o n s , and p ro d u c t  a s i n g l e t  a t  T 7 ,8 8 .
The a c i d  (LXVIII) was c o n v e r te d  t o  i t s  a c i d  c h l o r i d e ,  and c y c l i s e d  t o  
4 , 4 ,  5 - t r i m e t h y l - l - t e t r a l o n e  (LXIX) by t r e a tm e n t  w i th  alum inium  c h l o r i d e  
in  carbon d i s u l p h i d e . The n . m . r .  spec trum  o f  t h e  te l f r a lo n e  (LXIX) shows 
a marked change in  t h e  a ro m a tic  r e g io n  compared t o  i t s  precursor (LX V III) , 
Proton 8 , now a d j a c e n t  t o  a c a rb o n y l  -group i s  s h if te d  b y  a p p ro x im a te ly  
0 .8  p .p .m .  t o  low f i e l d .  The u l t r a v i o l e t  spec trum  a l s o  shows th e e f f e c t  
o f  c y c l i s a t i o n  -  t h e  h ig h  w ave leng th  band  which ab so rb ed  a t  a p p ro x im a te ly  
260-270  my in  a l l  t h e  p recu rsors, now b e in g  s h i f t e d  t o  294 my due t o  t h e  
f u r t h e r  c o n ju g a t io n  o f  t h e  c a rb o n y l  group w i th  t h e  a ro m a t ic  r i n g .  The 
m olar e x t i n c t i o n  c o e f f i c i e n t  i s  a l s o  c o r re s p o n d in g ly  in c r e a s e d  t o  1 ,640  
from 2OO-25O l . / g . m o l . c m .
B rom ina tion  and dehydrobromination , u s in g  th e  same methods as d e s c r ib e d  
f o r  p re v io u s  model compounds gave a  m ix tu re  which on d i s t i l l a t i o n  
produced  a  low b o i l i n g  ( 9 8 -1 0 2 ° /0 .2  mm.) and a h i g h e r  b o i l i n g  ( l 3 0 ° / 0 . 2  ram.) 
component; t h e  l a t t e r  c r y s t a l l i s e d  on s t a n d in g .  The n . m . r .  sp ec tru m  o f  t h e  
low b o i l i n g  component .shows c l e a r l y  t h a t  t h i s  i s  t h e  r e q u i r e d  1 ,  4 - d ih y d r o -  
4 , 4 ,  5 - t r i m e th y l - l - o x o n a p h t h a l e n e  (LXXl). . P ro to n  8_ a b so rb s  as th e  X p a r t  
o f  an ABX s y s tem ; a p p e a r in g  a t  low f i e l d  owing t o  t h e  in f l u e n c e  o f  t h e  
a d ja c e n t  c a rb o n y l  g ro u p .  P ro to n s  2 and 3 g ive  an AB q u a r t e t  (_J e q u a ls  
10 ,0  c . / s e c . )  a t  T 3 .6 3  and T 3 .1 3  r e sp e c tiv e ly . The r i n g  m e thy l group 
and th e  gem-d im e th y l  group  g iv e  two* s i n g l e t s  a t  T 7 .3 6  and 8 . 4 l  r e s p e c t i v e l y .  
The i n f r a r e d  sp ec tru m  o f  th is  compound i s  a l s o  i n  f u l l  agreem ent w i th  th e  
expected s tr u c tu r e , e x h ib itin g  a gem-dimethyl and a methyl ab sorp tion , and 
absorptions f o r  t h e  C, C-double bond and th e  c a r b o n y l 'd o u b le  bond.- The 
carbony l a b s o r p t i o n  a t  t h e  r a t h e r  low f req u en cy  o f  1665  cm.*"^ shows th e
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e f f e c t  o f  c o n ju g a t io n  w ith  t h e  double  bond, as opposed t o  t h e  v a lu e  o f  
1695 cm.~^ found in  t h e  p r e c u r s o r ,  th e  bromo-compound (LXX). (The 
p o s i t i o n  o f  th e  c a rb o n y l  band  in  t h e  i n f r a r e d  spec trum  o f  t h e  bromo- 
compound a t  h ig h e r  f re q u e n c y  i s  t y p i c a l  f o r  a -b ro m o -k e to n es  due t o  t h e  
e lec tro n  w i t h d r a w i n g  i n f l u e n c e  o f  t h e  e l e c t r o n e g a t i v e  brom ine a to m .)  
E lem en tary  a n a l y s i s ,  t o g e t h e r  w i th  t h i s  s p e c t r o s c o p i c  evidence t h u s ' 
p roved  t h a t  t h e  s t r u c t u r e  o f  t h i s  compound was c o n s i s t e n t  w i th  t h a t  o f  
LXXI.
The most obv ious f e a t u r e  i n  t h e  n .m . r .  sp ec tru m  (No. l 4 )  o f  t h e  h ig h  
b o i l i n g  component i s  t h e  absence  o f  th e  o l e f i n i c  A3 q u a r t e t .  The o t h e r  
a b s o r p t io n s  in  t h e  sp ec tru m  are r a th e r ,s im ila r  to  t h o s e  o f  1 ,  4 - d ih y d r o -  
4 ,  4 ,  5 - t r i m e th y l - l - o x o n a p h t h a l e n e  ( iX X l) ,  showing t h a t  t h e  compound 
c o n ta in s  a  gem-d im e th y l  g ro u p ,  a  ring  methyl g ro u p ,  and an a ro m a t ic  proton  
d e s h ie ld e d  by an a d j a c e n t  c a rb o n y l  group. I n t e g r a t i o n ,  how ever,  shows t h e  
p re s e n c e  o f  a n o th e r  proton a b s o rb in g  w i th  a ro m a t ic  p ro to n s  6 and T« S in ce  
th e  i n f r a r e d  sp ec tru m  c le a r ly  shows a doub le  bond a b s o r p t i o n ,  i t  was 
i n f e r r e d  t h a t  t h i s  e x t r a  p ro to n  i s ,  in  f a c t ,  an o l e f i n i c  proton , so 
d e s h ie ld e d  t h a t  i t s  ch em ica l  s h i f t  v a lu e  i s  s i m i l a r  t o  t h a t  o f  t h e  
a ro m a tic  p r o t o n s .  In  o t h e r  w o rd s ,  as compared t o  compound LXXI, t h e r e  i s  
on ly  one p ro to n  a t t a c h e d  t o  t h e  double  bond in  t h i s  compound togeth er  
w ith  a d e s h i e l d in g  s u b s t i t u e n t  on t h e  same double  bond .
A s t r u c t u r e  which a g re e s  w i th  t h e  above e v id e n c e ,  and which was a l s o  
confirm ed  by e le m e n ta ry  a n a l y s i s ,  i s  t h a t  o f  t h e  bromo compound LXXII.
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2-B rom o-l ,  4-d ihyd ro-4 , 4 ,  5- t r i m e t h y l - l - o x o n a p h t h a l e n e  (LXXII) was 
obviously formed by th e dehydrobromination o f th e dibromo 'compound -  2",'2  ^
dibrom o-4, 4 ,  5- tr im e th y l- l- te tr a lo n e  (LXXIII) -  which had  been  o b ta in e d  
as a b y -p ro d u c t  on b ro m in a t in g  th e  a - t e t r a l o n e  (LXIX) ,
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Preparation of 1, 2~Dihydro~l , 1, 8-trimethyl~2~oxonaphth.alene and the 
1 , 1, 6 -and 1, 1, T-Trimethyl Isomers
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P r e p a r a t io n  o f  1 ,  2-D iliydro~l , 1 ,  8~ tr im e th y l-2 ~ o x o n a p h th a le n e
The n i t r i l e  (LXXIV) vas  p r e p a r e d  from o_-EiethylbenzyT^bromide by 
r e a c t i o n  v i t h  sodium cy an id e  i n  a lc o h o l .® ^  A n a ly s is  b y - g a s - l i q u i d  
chrom atography shoved  t h a t  t h e  p ro d u c t  -  o b ta in e d  in  8 2 . 5# y i e l d  -  
c o n ta in e d  a  s m a l l  amount o f  a  second  component v h ic h  v a s  v e ry  c l o s e - i n  
b o i l i n g  ran g e  t o  t h e  r e q u i r e d  compound. T h is  v as  o r i g i n a l l y  th o u g h t  
p o s s i b l y  t o  be  due t o  t h e  p r e s e n c e  o f  an isom er in  t h e  com m ercial 
s t a r t i n g  m a t e r i a l  b u t  t h i s  vas  l a t e r  d is p ro v e d .  Because s e p a r a t i o n  by  • 
d i s t i l l a t i o n  v as  d i f f i c u l t ,  i t  v as  d e c id e d  t o  p ro c e e d  t o  t h e  n e x t  s t a g e ,
_i.je. t h e  p r e p a r a t i o n  o f  o y t o l y l a c e t i c  a c i d  (LXXV), from v h ic h  t h e  
unvan ted  component m igh t be removed by  f r a c t i o n a l  c r y s t a l l i s a t i o n .  T h i s ,
. in  f a c t ,  v a s  t h e  c a s e ,  and p u re  o - t o l y l a c e t i c  a c i d  vas  o b ta in e d ,  a f t e r  
th e  h y d r o ly s i s  o f  t h e  n i t r i l e  by  means o f  s u lp h u r i c  and a c e t i c  a c i d .  
P r e v i o u s l y B G  t h i s  a c i d  had  been  i s o l a t e d  by  c r y s t a l l i s a t i o n  from v a t e r ,  
b u t  a  s m a l l  s c a l e  e x p e r im en t i n d i c a t e d  t h a t  t h e  s u b s ta n c e  v as  t o o  
s p a r in g l y  s o lu b le  i n  b o i l i n g  v a t e r  t o  make t h i s  an a t t r a c t i v e  p r o p o s i t i o n .
I t  vas  found  more c o n v e n ie n t  t o  p u r i f y  t h e  a c id  by  d i s t i l l a t i o n .
The h y d r o l y s i s  o f  t h e  n i t r i l e  (LXXIV) by t h i s  method vas  in c o m p le te ,  and 
a p p ro x im a te ly  25# o f  t h e  s t a r t i n g  m a t e r i a l  had  b een  c o n v e r te d  o n ly  t o
o - t o l y l a c e t a m i d e ,  v h ic h  v as  r e c o v e re d  from t h e  r e a c t i o n  p ro d u c t  by 
e x t r a c t i n g  th e  aqueous a l k a l i n e  s o l u t i o n  o f  t h e  a c i d  (LXXV) v i t h  e t h e r .
The a c i d  c h l o r i d e  (LXXVI) o b ta in e d  from o - t o l y l a c e t i c  a c i d  by  means o f  
t h i o n y l  c h l o r i d e  v a s  c o n v e r te d  i n t o  th e  3 ~ te t r a lo n e  (LXXVII) by p a s s in g  • 
ethylene" i n t o  a  s t i r r e d  su sp e n s io n  o f  aluminium c h l o r i d e  i n  carbon  
d i s u lp h i d e ,  t o  v h ic h  a s o l u t i o n  o f  t h e  a c i d  c h l o r i d e  in  t h e  same s o l v e n t  had  
been added d r o p v i s e .
T his  r e a c t i o n  i s  a m o d i f i c a t i o n  o f  McMahon*s^° p ro c e d u re  f o r  t h e  p r e p a r a ­
t i o n  o f  3 -c h lo ro e th y T  k e to n e s  from e th y le n e  and a c i d  c h l o r i d e s  i n  th e  
p re se n c e  o f  alum inium  c h l o r i d e .  C y c l i s a t i o n  t o  t h e  3 - t e t r a l o n e  o ccu rs  in  
th e  fo l lo w in g  m a n n e r :-  .
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This F r i e d e l - C r a f t s  p ro c e d u re  i s  p ro b a b ly  th e  b e s t  g e n e r a l  method 
f o r  t h e  p r e p a r a t i o n  o f  3 - t e t r a l o n e s . B u r c k h a l te r  and Campbell^  ^ have 
used  i t  s u c c e s s f u l l y  fo r  t h e  s y n th e s i s  o f  2-te tr a lo n e  and 6~methoxy~2~ 
t e t r a l o n e .  The only d i f f i c u l t i e s  en c o u n te re d  were w ith  compounds 
c o n ta in in g  e l e c t r o n  w ith d raw in g  groups in  t h e  a ro m a tic  r i n g .  I o n i z a t i o n  
t o  t h e  carbonium  ion-aluminium ch lorid e  complex i s  d i f f i c u l t  i n  t h e  
case  o f  such  compounds, and c y c lisa t io n  i s  a l s o  ham pered by  t h e  e l e c t r o n  
d e f i c i e n c y  o f  t h e  r in g . I t  seemed r e a s o n a b le  t o  e x p ec t  t h a t  t h e  
r e a c t io n  w ould  o c c u r  rea d ily  w ith  o—t o l y l a c e t y l  c h l o r i d e  and t h i s  was 
found t o  be  t h e  c a s e .  U n f o r tu n a te ly  a  c o m p l ic a t io n  o f t e n  e x p e r ie n c e d  
with; F r i e d e l - C r a f t s  r e a c t i o n s  -  i^,_e. t h e  fo rm a t io n  of isom ers  -  a ro s e  
a l s o  in  t h e  p r e s e n t  c a s e ,  b u t  t h i s  was o n ly  d is c o v e re d  at t h e  n e x t  s t a g e
o f  th e  s y n t h e s i s .  . , . • ■ •
\
A f te r  d e co m p o s i t io n  o f  th e F r ied e l-C ra fts  complex a yellow  o i l  mixed 
w ith  c r y s t a l s  was o b ta in e d .  From now on a l l  o p e r a t i o n s  were c a r r i e d  o u t  
in  an i n e r t  a tm o sp h e re .  A f te r  p u r i f i c a t i o n  by d i s t i l l a t i o n  th e  product , 
was b e l i e v e d  t o  be  a  s i n g l e  compound b e c a u se  i t s  g a s - liq u id  chromatogram 
showed one s h a rp  p e a k .
■ In o r d e r  t o  o b ta in  an a n a l y t i c a l  sam p le ,  a s m a l l  amount was c r y s t a l l i s e d  • • 
from l i g h t  p e t ro le u m ,  from which i t  s e p a r a t e d  as c o l o u r l e s s  p r i s m s ,  n . p .  75°. 
The n .m .r. spectrum o f  t h is  c r y s ta ll in e  m a t e r i a l  was e n t i r e l y  co n s isten t  
w ith  th e  s t r u c t u r e  o f  8 -m eth y l-2- t e tr a lo n e .
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In  view o f  th e  g a s - l i q u id ,  ch rom a to g rap h ic  ev id en ce  i t  was considered  
u n n e c e ss a ry  t o  c r y s t a l l i s e  t h e  h u lk  o f  t h e  d i s t i l l a t e  before p ro c e e d in g  
t o  t h e  n e x t  s ta g e . A f te r  d im e th y la t io n  (which i s  d iscu ssed  i n  d e ta i l  
l a t e r  in  t h i s  s e c t i o n )  t h e  product was is o la te d  by f r a c t i o n a l  d i s t i l l a t i o n .  
T his  t im e  tw in  peaks  a p p e a r in g  in  t h e  r i n g  m e thy l r e g io n  o.f t h e  n . m . r .  
spectruTû i n d i c a t e d  t h e  presence o f  two com ponents; from t h e  i n t e g r a t i o n  
a r a t i o  o f  2 :1  was e s t i m a t e d .  Again th e  g a s - l i q u i d  chromatogram showed 
o n ly  one sharp p e a k .
In  view o f  t h e  i n s t a b i l i t y  i n h e r e n t  in  t h e  6- t e t r a l o n e  s t r u c t u r e  no 
p ro s p e c t s  e x i s t e d  f o r  a  s e p a r a t i o n  a t  t h i s  s t a g e .  The m ix tu re  was t h e r e ­
fo r e  b ro m in a te d ,  i n  t h e  hope t h a t  a c r y s t a l l i n e  m a t e r i a l  w ould  b e p ro d u ced  
which m igh t o f f e r  an o p p o r tu n i ty  o f  i s o l a t i n g  t h e  i n d i v i d u a l  co m p o n en ts '•  
by f r a c t i o n a l  c r y s t a l l i s a t i o n .  U n f o r tu n a te ly  t h i s  could n o t  b e  r e a l i s e d .
D e s p i te  t h i s  d i s a p p o i n t i n g  e x p e r ie n c e  t h e  m ix tu re  was dehydrobrominated 
by means o f  y - c o l l i d i n e ;  t h e  r e a c t i o n  product, which co u ld  n o t  be in d u c ed  
to  c r y s t a l l i s e ,  d i s t i l l e d  a t  1 0 5 ^ /0 .2  mm. The n . m . r .  spec trum  p r e s e n te d  
th e  by now f a m i l i a r  p i c t u r e  o f  two components in  t h e  r a t i o  o f  2 :1 .  In  
o rd e r  t o  p ro v e  t h a t  t h e  d o u b l in g  o f  t h e  m e th y l peaks was n o t  i n  any way a 
s t r u c t u r a l  f u n c t i o n  o f  t h i s  ty p e  o f  compound, a h ig h  t e m p e ra tu r e  n .m .r. 
spec trum  was t a k e n  in  deuterated  d im e th y l  sulphoxide. T his  was i d e n t i c a l  
w ith  t h a t  a t  room t e m p e r a t u r e ,  g iv in g  c o n c lu s iv e  proof f o r  t h e  p r e s e n c e  
o f  two compounds, n o t  capable o f  b e in g  in tercon verted .
D eterm ined  a t t e m p t s  w ere now made t o  s e p a r a t e  t h e s e  compounds. Column 
chrom atography , o n ^ a c t i v a t e d  a lu m in a ,  and t h i n  la y e r"c h ro m a to g ra p h y  p ro v ed  
u n s u c c e s s f u l ,  and t h e  r e t e n t i o n  t im e  o f  t h e  compounds on t h r e e  d i f f e r e n t  gas 
ch rom atog raph ic  s t a t i o n a r y  p h ases  w ere so s i m i l a r  t h a t  o n ly  one peak  was 
o b se rv ed .  E v e n t u a l l y ,  how ever,  so c l e a r - c u t  a s e p a r a t i o n  i n t o  two components 
was e f f e c t e d  on a  6 f t  10^ Carbowax 20M column t h a t  g a s - l i q u i d  ch rom atography  
on a p r e p a r a t i v e  s c a l e  su ccee d ed  in  p ro d u c in g  t h e  two compounds in  s u f f i c i e n t  
q u a n t i ty  f o r  s p e c t r o s c o p i c  e x a m in a t io n .  .
I t  i s  in te r e s t in g  to  note th a t th e  r a t io  o f  th e  two peaks in  the g a s - liq u id
chromatograms was 2 : 1 , w hich co rre sp o n d e d  e x a c t l y  w i th  t h e  e s t im a te d  
proportion from t h e  n .m .r . s p e c t r a .
The two n . m . r ,  s p e c t r a  were a lm ost i d e n t i c a l ,  w i th  t h e  same m u l t i p l i c i t y  
o f t h e  absorptions ( a p a r t  from t h e  a ro m a tic  protons) and r a t i o s  o f  i n t e g r a l s  
The only d i f f e r e n c e s  were in  t h e  chem ica l s h i f t  v a l u e s .
T ab le  12 . '
S p e c t r a  run  as 2.% s o lu t i o n s  i n  CD Cl 3 '
G .L.C. S e p a ra t io n
Gera-dimethyl 
Aromatic m e thy l group
Aromatic p r o to n s
P ro to n  3 
P ro ton  4
F r a c t i o n  1
8 .5 3  T
T .5I  T . 
2 /6 -3 .0  T. (a)
3 .8 2  T
2.22  T
F r a c t i o n  2
8 .4 0  T 
Ï . 3 9  T
2 . 7 8 .T (b)
3 .8 1  T 
2 .5 5  T
M u l t i p l i c i t y
S i n g l e t
Broad s in g le t
(a )  M u l t i p l e t  
■(b) S i n g l e t
D oublet
D ouble t
The u l t r a v i o l e t  s p e c t r a  o f  t h e  two compounds w ere i d e n t i c a l ,  and t h e  
i n f r a r e d  s p e c t r a  showed t h e  p re s e n c e  o f  c o n ju g a te d  c a rb o n y l  a b s o r p t i o n s .  
From t h i s  s p e c t r o s c o p i c  e v id e n c e  t h e  o n ly  p o s s i b l e  conclusion  was t h a t  
th e y  were i s o m e rs .  S in ce  t h e  i n f r a r e d  a b s o r p t io n s  o f  t h e  a d j a c e n t  r i n g  
hydrogen atoms occurred at t h e  a lm os t id e n t ic a l frequency o f  770  and 
760 cm.“ ^, in  t h e  c o r r e c t  ran g e  f o r  3 a d j a c e n t  r i n g  h y d ro g e n s , t h i s  
s u g g e s te d  t h a t  t h e  two compounds were 1 , 2- d i h y d r o - l ,  1 , 5- tr im e th y l-2 -  
ox onaph tha lene  and i t s  1 ,  1 ,  8 -isom er. At t h i s  stage  i t  was im p o ss ib le  
to  determine w hich o f  t h e  compounds was t h e  r e q u i r e d  1 , 1 , 8- i s o m e r ,  and • . 
t h e r e f o r e  an unambiguous p r e p a r a t i o n 'o f  .1 , 2-d ih y d r o -l, 1 ,  5- tr im e th y l-2-  
ox onaph tha lene  was c a r r i e d  o u t  ( s e e  la te r  s e c t i o n ) .  The s p e c t r a  o f  t h i s  
compound were i d e n t i c a l  in  a l l  r e s p e c t s  w i th  t h e  f i r s t  component i n  the  
above e x p e r im e n t ,  t h u s  p ro v in g  i t s  s t r u c t u r e  c o n c l u s i v e ly  and showing t h a t  
i s o m e r iz a t io n  had ta l ien  p l a c e  d u r in g  th e  sequence  o f  r e a c t i o n .  I t  was a l s o  
e s t a b l i s h e d  t h a t  t h e  1 , 1 , 5- i s o m e r  was t h e  m a jo r  com ponent, and thus th e  
2 :1  r a t i o  p r e v i o u s l y  d e te rm in e d  showed t h a t  66 /^ i s o m e r i z a t i o n  had occurred.
The obv ious  s t a g e  a t  which t h e  i s o m e r iz a t io n ,w a s  l i k e l y  t o  o ccu r  i s  t h e  • 
F r i e d e l - C r a f t s  r e a c t i o n .  In  order t o  p ro v e  t h i s  c o n c l u s i v e l y ,  and a l s o  t o  
o b ta in  s u f f ic ie n t  q u a n t i t i e s  o f  t h e  i s o m e r ic  i n t e r m e d i a t e s  f o r  e lem en ta ry .,  
a n a l y s i s ,  t h e  whole sequence  o f  o p e r a t io n s  was repeated . In  t h e  l i g h t  o f
T9
th e  know ledge g a in e d  d u r in g  t h e  f i r s t  e x p e r im e n t ,  s t r i c t  precautions were 
taken a t each  s t a g e  t o  d e t e c t  and t o  s e p a r a t e  t h e  isom ers a t  th e  f i r s t  
o p p o r tu n i ty .  In  t h i s  manner i t  was e sta b lish e d  beyond doubt t h a t  t h e  two 
is o m e r ic  g -te tra lo n es  w ere formed from o - t o ly la c e ty l  ch lor id e  and. 
e th y le n e  i n  t h e  p r e s e n c e  o f  alum inium  c h l o r i d e .
The c y c l i s e d  p ro d u c t  i s o l a t e d  from t h e  second  exp er im en t was again a 
ye l lo w  o i l  m ixed w i th  c r y s t a l s ,  and th e  n . m . r .  sp ec tru m  o f  t h i s  c rude  
p ro d u c t  r e v e a l e d  t h e  p r e s e n c e  o f  two is o m e rs .  ( P r e v io u s ly  t h e  n . m . r .  
sp ec tru m  h a d  been  o b ta in e d  w i th  a  r e c r y s t a l l i s e d  s a m p le .)  F o r t u n a t e l y  l i g h t  
p e t ro le u m  was found  t o  be  an e x c e l l e n t  medinm f o r  t h e i r  s e p a r a t i o n ,  and th e  
l e s s  s o l u b l e  component was r e c r y s t a l l i s e d  from t h e  same s o l v e n t ,  and •• 
f i n a l l y  o b ta in e d  as c o l o u r l e s s  n e e d l e s ,  m .p . 75 *^ n o t  r a i s e d  by  a second  • 
c r y s t a l l i s a t i o n .  The s o lu b le  isomer was o b ta in e d  as a  y e l lo w  o i l  a f t e r  
evaporation o f  t h e  m o th e r  l iq u o r . ,
A lthough t h e  y e l lo w  o i l  co u ld  n o t  be e n t i r e l y  f r e e d  from t h e  o t h e r  
com ponent, a  com parison  o f  i t s  s p e c t r a  w i th  t h o s e  o f  an a u t h e n t i c  sample 
o f  5*“jG ie th y l -2 - te t r a lo n e  p ro v ed  t h a t  i t  w as, in  f a c t ,  t h a t  iso m e r .  Tlie 
c r y s t a l l i n e  component was th u s  8 -m eth y l-2- t e tr a lo n e , t h e  p o s i t i o n  o f  t h e  
m ethy l g roup  b e in g  c o n f irm ed  by  t h e  in frared  a b s o r p t io n  a t  775 c m . i n  
th e  a ro m a t ic  r e g i o n ,  which showed t h a t  th e  benzene  r i n g  in  t h e  compound 
c o n ta in e d  t h r e e  f r e e  adjacent hydrogen  atom s.
The n e x t  s t a g e s  i n  t h e  r e a c t i o n  scheme ( d i s c u s s e d  l a t e r  i n  t h i s  s e c t i o n )  
were t h e r e f o r e  r e p e a t e d  w i th  8 ~ m eth y l-2- t e t r à l o n e , and th e  f i n a l  p ro d u c t  -  
1 , 2 -d ih y d r o -l, 1 , ^8-trim ethyl-2-oxonaphthalene (LXXX) p ro v id e d  s p e c t r a  
which w ere i d e n t i c a l  w i th  th o s e  o f  th e  m inor component o b ta in e d  in  th e  
f i r s t  e x p e r im e n t .
The n . m . r .  s p e c t r a  qu o ted  in  T ab le  12 e x h i b i t  s l i g h t l y  d i f f e r e n t  
chem ica l s h i f t s  t o  t h o s e  f i n a l l y  o b ta in e d  from t h e  1 , 1 , 8- i s o m e r  i s o l a t e d  
from t h e  second  p r e p a r a t i o n ,  and from th e  1 , 1 , 5- is o m e r  s y n th e s i s e d  in  an 
unambiguous manner. This i s  due to  the fa c t  th a t such sm all amounts were - 
o b ta in e d  from th e  g a s - l i q u i d  chromatographic t r a p p i n g s  i n  t h e  f i r s t  
e x p e r im e n t ,  t h a t  t h e  sp ectra  c o u ld  be re c o rd e d  o n ly  w i th  2% s o l u t i o n s ,  
in stead  o f  t h e  u s u a l  5 /^ *
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Mechanism o f  I s o m e r iz a t i o n
Any i n t e r p r e t a t i o n  o f  t h e  fo re g o in g  r e s u l t s  must take th e m ig ra t io n  
o f  a  s u b s t i t u e n t  group i n t o  a c c o u n t .  The b a s i c  q u e s t io n  a p p ea rs  t o  be 
w he the r  such  a m ig ra t io n  p re c e d e s  t h e  c y c l i s a t i o n  (mechanism A ), or 
whether i t  o ccu rs  a f t e r  c y c l i s a t i o n ,  when the t r a n s i t i o n  s t a t e  would b e '  
a sp iro -com pound  (mechanism B).
I n t r a - o r  i n t e r m o l e c u l a r  m ig r a t io n  o f  a ro m a tic  s u b s t i t u e n t s  under t h e  ■ 
in f lu e n c e  o f  alum inium  c h l o r i d e  and hydrogen  c h l o r i d e  i s  a w e l l  knot-m
phenomenon.94)95
Mechanism A. -  By ana logy  w i th  t h e  p a r t i a l  i s o m e r i z a t io n  o f o r t h o - i n t o  ■ 
m eta -x y l e n e , 9  ^ i t  i s  p o s s i b l e  t h a t  one o f  th e  s u b s t i t u e n t s  i n  ‘ 
o y t o l y l a c e t y l  c h l o r i d e  m ig ra te s  i n t o  th e  m e ta -p o s i t i o n  d u r in g  th e  
F r i d e l - C r a f t s  r e a c t i o n  (R=C1 i n  t h e  r e a c t i o n  scheme b e lo w ) .  T h is  m ig ra ­
t i o n  c a n ,  o f  c o u r s e ,  a l s o  t a k e  p la c e  a f t e r  t h e  a d d i t i o n  o f e th y le n e  
(R= -  CII2 CH2 C l ) .  In  t h e .  scheme below  th e  m e thy l s u b s t i t u e n t  i s  assumed 
t o  be th e  m ig r a t i n g  g roup .
CH2COR
+H
■>
^H 2C0R
CH2 C0 R
(1 )
•CK3 CH2 COR
(3)
The f i r s t  s t e p  i s  th e  fo rm a t io n  o f  a o-complex by th e  a d d i t i o n  o f  a 
p ro to n  t o  t h e  rin g  carbon s u b s t i t u t e d  w i th  t h e  m ig r a t in g  g roup . This  
group, which i s  now l e s s  f i r m ly  h e l d ,  can is o m e r iz e  by a 1 ,. 2 - s h i f t  i n t o  
th e  adjacent p o s i t i o n .  ' ‘
8 l -
Ring c l o s u r e  o f  t h i s  i s o m e r is e d  3 - c h lo r o e th y l  k e to n e  can t h e o r e t i c a l l y  
ta k e  p la c e  i n  one o f  two p o s i t i o n s ,  r e s u l t i n g  i n  t h e  fo rm a t io n  o f  
5- m e th y l - 2- t e t r a l o n s  ( p o s i t i o n  ( l ) ) ,  o r  T -m e th y l-2 ~ t e t r a l o n e  ( p o s i t i o n  
(2 ) ) .  The i n d u c t iv e  e f f e c t  o f  t h e  m ethy l group w i l l  be s t r o n g e s t  i n  t h e  
o r th o  p o s i t i o n ,  which w i l l  th u s  become r e l a t i v e l y  e l e c t r o n  r i c h ,  and 
more e a s i ly  a t t a c k e d  by t h e  e l e c t r o p h i l i c  carbonium i o n ,  r e s u l t i n g  in  
th e  fo rm a t io n  o f  5 -m eth y l-2 -te tra lo n e . However, t h e  fo rm a t io n  o f  some
7- m e th y l - 2- t e t r a l o n e  would n e v e r t h e l e s s  be e x p e c te d .
Hone o f  t h e  7-isom er w as, how ever, d e t e c t e d  i n  t h e  m ix tu r e .  A lso a l l  
p r e v io u s ly  r e c o rd e d  c a se s  o f  t h i s  ty p e  o f  i s o m e r iz a t io n - h a v e  been  
carried  o u t  a t  e l e v a t e d  temperature as opposed t o . a  t e m p e ra tu re  o f  .0° ■ 
used  in  t h e s e  e x p e r im e n ts .  I t  i s  t h e r e f o r e  th o u g h t  u n l i k e l y  t h a t  t h e  
above mechanism i s  th e  c o r r e c t  one.
Mechanism'B. -  I f  t h e  m ig r a t i o n  o ccu rs  a f t e r  c y c l i s a t io n , when t h e  
t r a n s i t i o n  s ta te  would be a sp iro -com pound , the fo l lo w in g  mechanism may 
be e n v isa g e d .  T h is  h a s  been  s u g g e s te d  by S i r  Robert R obinson ,
U C I 3
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CH2=^  CII2
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'After the form ation o f  the k e t o - e t h y l  carbonium io n , i t  i s  p o s s ib le  th a t  
th is  io n ic  CHz w i l l  a ttack  the r in g  at the same p o s it io n  on which the
I
CH2-C=0 i s  already su b s t itu te d .'  As mentioned in  the previous mechanism 
t h i s  p o s it io n  should be r e l a t i v e l y  e l e c t r o n  r i c h  as i t  i s  adjacent to  the  
methyl g ro u p , thus f a c i l i t a t in g  e l e c t r o p h i l i c  a ttack .
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The sp iro -com pound  th u s  formed can th e n  r e a r r a n g e  t o  form 5 -m e th y l-2 -  
t e t r a l o n e  i f  th e  bond brea î is  as  shown. B reak ing  th e  o th e r  ring -  CH2 
bond w i l l  o f  c o u rse  form 8 -m e th y l - 2 - t e t r a l o n e  a f t e r  c y c l i s a t i o n .
I
Conversion  o f  8-M e th y l -2- t e t r a l o n e  in to  1 ,  2 - d i h y d r o - l ,  1 ,  8 - t r i m e t h y l - -
2-oxonaphthalene -
An acc o u n t o f  t h e  r e a c t i o n s  in v o lv e d  in  in t ro d u c in g  t h e  gem-d im eth y l -
g roup ,  and c o n v e r t in g  th e  3 - t e t r a l o n e s  (hXXVIIl) i n t o  th e  end p ro d u c ts  
e x p re s se d  by t h e  g e n e r a l  fo rm u la  (LXXX) has been h e ld  o v e r  u n t i l  now, 
b ecau se  t h e  u n r a v e l l i n g  o f  t h e  isom er problem  was by f a r  t h e  most 
d i f f i c u l t  p a r t  o f  th e  work d e s c r ib e d  in  t h i s  s e c t io n . • '
8 - M e th y l -2 ~ te t r a lo n e  (LXXVII), s e p a r a t e d  from 5 -M eth y l-2 -tetra lon e as 
d e s c r ib e d  above was now converted i n t o  1 , 1 , 8 - t r i m e t h y l - 2- t e t r a l o n e  
(LXXVIII). T h is  in v o lv e d  th e  fo rm a t io n  o f  t h e  sodium s a l t  o f  th e  
t e t r a l o n e  by means o f  sodium hyd rid e, and treatm ent w ith  an ex ce ss  o f  
m ethy l io d id e  in  d ry  benzene under  nitrogen  w h ile  k e e p in g  t h e  te m p e ra tu re  
below 2 5 ° during t h e  i n i t i a l  s ta g e s . The f i r s t  report d e s c r ib i n g  th e  
d im e th y la t io n  o f  3 -te tra lo n e  was by S o f f e r  who e sta b lish e d  t h a t
b o th  a l k y l  groups entered t h e  1- p o s i t i o n .  No d i f f i c u l t i e s  w ere experienced  
when t h e  p u b l i s h e d  c o n d i t io n s  w ere observed. The r e a c t i o n  was obviously  
h ig h ly  e x o th e rm ic ,  and th e  e x p e c te d  c o lo u r  changes were noted . An attempt 
was made t o  p u r i f y  t h e  r e a c t i o n  p ro d u c t  through t h e  b i s u l p h i t e  a d d i t i o n  
complex, and c r y s t a l l i s a t i o n  o n ly  to o k  p la c e  on immersion in  d ry  i c e .
A f te r  r e g e n e r a t i o n  o f  1 ,  1 ,  8 - t r i m e t h y l - 2 - t e t r a l o n e  (LXXVIII) t h e  compound 
d i s t i l l e d  a t  90 - 92° / 0 .2 5  mm.
B rom ina tion  o f  t h e  3 - t e t r a l o n e  (LXXVIII) t o  3 -b ro m o - l ,  1 ,  8 -tr im eth y l-2 -  
t e t r a l o n e  (LXXIX) was e f f e c t e d ,  as i n  p re v io u s  c a s e s ,  by means o f brom ine 
in  d ry  e t h e r .  The r e a c t i o n  p ro d u c t  was s u b je c t e d  t o  ch rom a to g rap h ic  
s e p a r a t i o n  o v e r  n e u t r a l  al-umina. Any dibromo compound formed sh o u ld  be 
e f f e c t i v e l y  s e p a r a t e d  from t h e  mono-bromo compound in  t h i s  -way. -The 
f r a c t i o n s  w ere e l u t e d  w i th  m ix tu re  o f  l i g h t  p e t ro le u m  and benzene  fo llow ed  
by benzene and e t h e r  in  v a ry in g  r a t i o s ,  and the e f fe c t iv e n e s s  o f t h e  
separation observed by in frared  spectroscopy. Although the f i r s t  compounds
Ü3 -
t o  be e l u t e d  from th e  column were mono o r  d ib ro m o -k e to n e s , th e  
su b seq u en t e l u a t e s  w ere found t o  c o n ta in  1 , 2- d i h y d r o - l ,  1 , 8 - t r i m e t h y l -
2-o x o n a p h th a le n e  (LXXX). I t s  i d e n t i t y  was f i r s t  s u s p e c te d  from th e  
m arked ly  low f re q u e n c y  (1660  cm.“ ^) o f  i t s  c a rb o n y l  b a n d ,  and th e  
obvious p r e s e n c e  o f  a double bond (1595  c m .~ l ) ,  and l a t e r  e s t a b l i s h e d  
by chem ica l  a n a l y s i s .  Thus, dehydrobnomination had  t a k e n  p l a c e  'on t h e  
a lum ina  column.
Although th e  y i e l d  was p o o r  by t h i s  m ethod, i t  was found t o  be 
e x c e l l e n t  f o r  rem oving th e  l a s t  t r a c e s  o f  brom ine c o n t a in in g  compounds 
when a b s o lu t e  p u r i t y  o f  a  compound was required . O bserv ing  t h e  c a rb o n y l  ■ 
band in  th e  i n f r a r e d  s p e c t r a  o f  t h e  e l u t e d  f r a c t i o n s  gave com plete  
in fo rm a t io n  on th e  p r o d u c t s ,  b e ca u se  o f  t h e  much low er f re q u e n c y  o f  
a b s o r p t io n  o f  t h e  c a rb o n y l  group in  a  k e to n e  c o n ju g a te d  w i th  a double  
bond compared t o  t h a t  o f  an a - b r o m o - s u b s t i t u t e d  k e to n e .
1 ,  2 - D ih y d r o - l ,  1 ,  8 - t r im e th y l -2 ~ o x o n a p h th a le n e  (LXXX) was th u s  
s u c c e s s f u l l y  prepared. I t s  i n f r a r e d  and u l t r a v i o l e t  s p e c t r a  a r e  as 
e x p e c te d ,  and t h e  n . m . r .  spec trum  g iv e s  c l e a r  e v id en ce  o f  t h e  p r e s e n c e  
o f  a gem-d im e th y l  and a ro m a t ic  m e thy l g ro u p ,  two c o u p led  o l e f i n i c  p ro to n s  
and t h r e e  a ro m a t ic  p r o to n s .
P r e p a r a t io n  o f  1 , 2-D ih y d ro - l , 1 ,  6- t r i m e t h y l - 2-o x o n a p h th a le n e
pyM ethy lbenzy l c y a n id e  ( LXXIV) was p r e p a re d  from p -m e th y lb e n z y l  brom ide 
in  a y i e l d  o f  95^* The g a s - l i q u i d  chromatogram showed a  peak  in  a d d i t i o n  
to  t h a t  from th e  main com ponent, as o b se rv ed  w i th  t h e  c o r re s p o n d in g  o r th o  
isom er.  C onvers ion  i n t o  p ~ t o l y l a c e t i c  a c i d  (LXXV) was c a r r i e d  ou t as in  
th e  p re v io u s  c a s e ,  and th e  compound was r e p e a t e d ly  r e c r y s t a l l i s e d  u n t i l  
a sm a l l  sam p le ,  w hich had been c o n v e r te d  in to  t h e  m e th y l e s t e r  f o r  a n a ly s is  
by g a s - l i q u i d  chromatography, was shown t o  be  p u re .
T rea tm ent o f  t h e  a c i d  c h l o r i d e  ( LXXVI) d e r iv e d  from t h i s  a c id  (LXXV), 
w ith  e th y le n e  and aluminium c h l o r i d e  i n  carbon  d i s u lp h i d e  gave 6- m e t h y l - 2-  
t e t r a l o n e  ( LXXVII) in  51# y i e l d .  The product had been i s o l a t e d  by ' - 
d i s t i l l a t i o n  ( b .p .  96 - 98° / 0 .3  mm.) and f u r t h e r  p u r i f i e d  by way o f  th e  
b i s u l p h i t e  a d d i t i o n  complex. There was, no evidence t h a t  o th e r  isomers had  
been formed in  t h i s  r e a c t i o n .
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The d im e th y la t io n  s t a g e  w i th  m e thy l io d id e  and sodium h y d r id e  
p ro cee d ed  sm o o th ly ,  h u t  t h e  b i s u l p h i t e  add ition  compound o n ly  s o l i d i f i e d  
on im mersion in  an i c e - s a l t  b a t h .  T h is  p ro v ed  an e f f e c t i v e  means o f  
p u r i f i c a t i o n ;  c a re  w as ,  how ever,  n e c e s s a r y  in  w ashing t h e  p r e c i p i t a t e  as, 
i t  was a p p r e c ia b ly  s o l u b l e  in  e t h e r .
On a  s m a l l  s c a l e ,  b ro m in a t io n ,  fo l lo w e d  by dehydrobromination w ith  
Y - c o l l i d i n e , 9 3  y i e l d e d  1 ,  2 - d i h y d r o - l ,  1 ,  6 - t r im e th y l~ 2 -o x o n a p h th a le n e  
(LXXX) c o n ta m in a te d  by v a r io u s  im p u r i t i e s  which co u ld  n o t  be  removed on 
d i s t i l l a t i o n .  A ch ro m a to g rap h ic  s e p a r a t i o n  on a c t i v a t e d  a lum ina  was, 
t h e r e f o r e ,  c a r r i e d  o u t ,  w hich was s u c c e s s f u l  in  i s o l a t i n g  LXXX as a p u re  
compound. A f t e r  d i s t i l l a t i o n  t h i s  was o b ta in e d  as a c o l o u r l e s s  " o i l ,  •/ 
b.p.  1 0 2 - 1 0 5 ° / 0 .2 5  mm. . . , . \
The n . m . r .  sp ec tru m  o f  t h e  main im p u r i ty ,  i s o l a t e d  by  t h e  above 
ch rom a to g rap h ic  s e p a r a t i o n ,  shows one o l e f i n i c  p ro to n  o n ly ,  a b so rb in g  as 
a s i n g l e t  a t  T 2 .1 2 .  A ga in , as experienced i n  t h e  p r e p a r a t i o n  o f  
1 ,  4 - d ih y d r o - 4 ,  4 ,  5-trim eth yl-l-oxon ap h th alen e (LXXX) an a-bromo-a,
3 - u n s a tu r a t e d  k e to n e  (LXXXII) had been p roduced  by dehy d ro b ro m in a tio n  o f  
3; 3 -d ib ro m o - l ,  1 ,  6 - t r i m e t h y l - 2 - t e t r a l o n e • (LXXXl).
, CHs CHg
(LXXXI) (LXXXII)
Thus, t h e  fo rm a t io n  o f  dibromo-compounds p r e v io u s l y  o b se rv e d  in  t h e  
a - t e t r a l o n e  s e r ie s  a l s o  o c c u r r e d  w i th  t h e  3 -te tr a lo n e s . F u r th e rm o re ,  
th e  i s o l a t i o n  o f  unchanged 1 ,  1 ,  6 - t r i m e t h y l - 2- t e t r a l o n e  (LXXVIII) as one 
o f  th e  c h ro m a to g ra p h ic  f r a c t i o n s  i s  a c l e a r  i n d i c a t i o n  t h a t ’ d ib rô m in a t ion  
cannot be  a v o id e d ,  a l th o u g h  th e  e x a c t  s t o i c h e i o m e t r i c  q u a n t i t y  o f  brom ine 
had been u se d .  I t  i s ,  how ever,  n o te w o r th y ,  t h a t  t h e s e  d i f f i c u l t i e s  were
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n o t  e x p e r ie n c e d  when t h e  ex p e r im en ts  were r e p e a t e d  on a  much l a r g e r  
( f o u r  f o l d )  s c a l e .  The c ru d e  dehydrobrom ina ted  p ro d u c t  was found  by 
g . l . c .  t o  be  f r e e  from  b y - p r o d u c t s .
Tlie i n f r a r e d  sp ec tru m  o f  1 ,  2 - d i h y d r o - l ,  1 ,  6 - t r im e th y l - 2 - o x o n a p h th a l e n e  
(LXXX) shows t h e  a b s o r p t i o n  o f  t h e  c a rb o n y l  group a t  l6 6 0  'cra.~^, which 
compares w i th  a  band  a t  1720  cm.~^ f o r  t h e  u n c o n ju g a te d  c a rb o n y l  group in  
1 ,  1 ,  6 - t r i m e t h y l - 2 - t e t r a l o n e  (LXXVIII). The gem-d im e th y l  a b s o r p t io n  i s  
c l e a r l y  v i s i b l e ,  and t h e  two f r e e  a d j a c e n t  hydrogen  atoms i n  t h e  a ro m a tic  
r i n g  abso rb  a t  835 cm .~^, w i t h i n  t h e  e x p e c te d  r e g io n .  The u l t r a v i o l e t  
sp ec tru m  o f  t h e  compound (LXXX) shows t h e  e x p e c te d  ba th o ch ro m ic  s h i f t  
compared t o  1 ,  1 ,  6 - t r i m e t h y l - 2 - t e t r a l o n e  (LXXVIII) -  t h e  lo n g -w a v e le n g th  
'a b s o r p t io n  o c c u r r i n g  a t  305 mn (e^  10 ,000  1 . /g .m o l .c m . ) .  The n . m . r .  - - 
spec trum  shows a s i n g l e t  f o r  t h e  gem-d im e th y l  g roups and t h e  a ro m a tic  
m ethy l group a t  T 8 .5 6  and T 7*65 r e s p e c t i v e l y .  The o l e f i n i c  p ro to n s  
absorb  as an AB q u a r t e t  a t  T 3 .8 2  and T 2 .5 7 ,  and a complex m u l t i p l e t  i s  
o b se rv ed  f o r  t h e  a ro m a t ic  p r o to n s .
P r e p a r a t io n  o f  1 ,  2-D ih y d ro - l , 1 ,  7- t r i m e t h y l - 2 - o x o n a p h th a lene
Tlie s t a r t i n g  m a t e r i a l  w as ,  i n  t h i s  case , m - t o l y l a c e t i c  a c i d  ( LXXV) .  T h is  
was c o n v e r t e d  t o  t h e  a c i d  c h l o r i d e  (LXXVI), a m ob ile  l i q u i d  b . p .  5 5 ° /0 .2  mm., 
which was c y c l i s e d  as b e f o r e . ^ 9 As e x p e c te d ,  t h e  two p o s i t i o n a l  i s o m e r s ,
5-m ethy l and 7 - m e t h y l - 2~ t e t r a l o n e , were o b ta in e d ,  i n  an app rox im ate  r a t i o  
o f  4 : 1 ,  e s t i m a t e d  by  g a s - l i q u i d  chrom atography . L u c k i ly ,  h o w e v e r , . ,  
d i s t i l l a t i o n  g a v e .a  main f r a c t i o n  ( b .p .  95 - 97^ / 0 .1 5  mm.) which s o l i d i f i e d .  . 
By c r y s t a l l i s a t i o n  from l i g h t  p e t ro le u m  ( b .p .  6 0 - 8 0 ° ) ,  c o l o u r l e s s  p l a t e l e t s  
m.p. 52°  w ere o b ta in e d .  The i n f r a r e d  spec trum  o f  t h i s  m a t e r i a l  showed by 
th e  a b s o r p t io n  a t  8 l4  cm.~^ t h a t  i t  was 7- m e th y l - 2- t e t r a l o n e .  The 
f req u en cy  o f  t h e  main a b s o r p t io n  i n  t h i s  r e g io n  would have been  c o n s id e r a b ly  
low er had  i t  b een  t h e  5-m e th y l  i so m e r ,  which has  t h r e e  a d j a c e n t  f r e e  
hydrogen atoms in  t h e  r i n g .
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I t  was hoped  t h a t  5 ~ m e th y l - 2 - t e t r a lo n e  m ight be s e p a r a t e d  on 
c o n c e n t r a t i n g  t h e  m o ther  l i q u o r s .  T h is  w as ,  however,, not p o s s i b l e  
beca u se  as t h e  o i l  becomes e n r ic h e d  w i th  t h e  5-m e th y l  isom er t h e  
rem oval o f  t h e  7-m e th y l  iso m e r  becomes p r o g r e s s i v e l y  more d i f f i c u l t .  
N e v e r th e l e s s ,  enough o f  t h e  5 - m e t h y l - 2 - t e t r a l o n e  was p r e s e n t  i n  t h e  
m ix tu re  t o  e s t a b l i s h  i t s  i d e n t i t y  by  com paring i t s  i n f r a r e d  sp ec tru m  
w ith  t h a t  o f  an a u t h e n t i c  sam ple ( s e e  l a t e r  s e c t i o n ) .
7 - M e t h y l - 2 - t e t r a l o n e  ( LXXVII) was c o n v e r t e d ,  as u s u a l ,  i n t o  
1 ,  1 ,  7 - t r i m e t h y l - 2 - t e t r a l o n e  (L X X V III) ,91 b u t  even a f t e r  p u r i f i c a t i o n  
by way o f  t h e  b i s u l p h i t e  complex and d i s t i l l a t i o n ,  t h e  main f r a c t i o n  
( b .p .  9 2 ° /0 ,3  mm.) s t i l l  c o n ta in e d  a second component. I t  w as '"dec ided  
to  b ro m in a te  t h e  m i x tu r e ,  and th e n  a t te m p t  t o  s e p a r a t e  t h e  components' • 
by ch rom atography  on n e u t r a l  a lu m in a .  As h ad  o c c u r r e d  w i th  t h e  
corresponding 1 , 1 , 8 -iso m er , alr.m ina n o t  o n ly  s e p a r a t e d  t h e  p ro d u c ts  
o f brom ination , by  a l s o  d eh y d ro b ro m in a te d  t h e s e  compounds. As found 
in  p r e v io u s  e x p e r im e n t s ,  some dibromo-compound was form ed as a  b y ­
p ro d u c t ,  and a l s o  unchanged 7 - m e t h y l - 2- t e t r a l o n e  was r e c o v e re d .
1 , 2 -D ihydro  1 ,  1 ,  7 - t r i m e th y l - 2 - o x o n a p h th a l e n e  ( LXXX) was obtained in  
a p u re  fo rm , but t h e  y i e l d  was o n ly  12%, b a s e d  on 7- m e t h y l - 2- t e t r a l o n e .
The i n f r a r e d  sp e c tru m  o f  LXXX e x h i b i t s  t h e  a b s o r p t i o n  o f  a c o n ju g a te d  
c a rb o n y l  g roup  a t  l 660  cm."^ and has  the main b and  in  t h e  aromatic 
s u b s t i t u t i o n  r e g io n  a t  8 5 O cm.""!, ^ t y p i c a l  p o s i t i o n  f o r  two f r e e
a d ja c e n t  r i n g  h y d rogen  a tom s. F or t h e  gem-dim ethyl group and th e  
arom atic , m e th y l  t h r e e  sharp peaks  were p r e s e n t  in  th e  appropriate r e g io n .  
The u l t r a v i o l e t  sp e c tru m  shows c l e a r l y  t h e  exten sion  o f  c o n ju g a t io n  in  
t h i s  compound, and th e  lo n g est w av e le n g th  a b s o r p t i o n  o ccu rs  a t  317 MP 
(e^  9850  1 . /g .m o l .c m .  ) .  Tlie n . m . r .  sp ec tru m  shows a b s o r p t i o n s  a t  T 8 .5 3  
and T 7 . 6O f o r  t h e  gem-dim ethyl and t h e  a ro m a t ic  m e th y l p ro to n s  
r e s p e c t i v e l y ,  w h i l e  t h e  o l e f i n i c  p r o to n s  ab so rb  as an AB q u a r t e t  a t  
T 3 .8 3  and T 2.57* The a ro m a t ic  p r o to n s  absorb as -a complex m u l t i p l e t .
-  O f
Scheme f o r  th e  p r e p a r a t i o n  o f  1 ,  2-D ih y d ro - l , 1 , 5- t r i m e t h y l .
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P r e p a r a t i o n  o f  1 ,  2-D ih y d ro - l , 1 ,  5~ t r im e th y l -2 -o x o n a p h th a le n e
3- T e t r a lo n e s  a re  more d i f f i c u l t y  a c c e s s i b l e  th a n  a - t e t r a l o n e s ,  b u t  
th e  p r e p a r a t i o n  o f  t h e i r  m e thy l d e r i v a t i v e s  from m e th o x y - a - t e t r a lo n e s  
i s  r e l a t i v e l y  s t r a i g h t f o r w a r d .  The r e a c t i o n  scheme in v o lv e d  a G r ig n a rd  
r e a c t i o n  o f  m e th y l magnesium io d id e  w i th  6~ m e th o x y - l - te t . r a lo n e  (LX X X IIl), .  . 
f o l lo w e d  by  d eh y d ro g e n a t io n  t o  6-m e th o x y - l -m e th y ln a p h th a le n e  .(LXXXV) 
which was th e n  re d u c e d  t o  5 ~ m eth y l-2 ~ te t r a lo n e  (LXXXVI) a c c o rd in g  t o  
C o rn fo r th ,  C o rn fo r th  and R obinson,
The c o n d i t io n s  d e s c r ib e d  by B h a t tach a ry y a^ ^  f o r  th e  G r ig n a rd  r e a c t i o n  
were m o d i f ie d  i n  v a r io u s  ways. I t  was found u n n e c e ss a ry  t o  a l lo w  tw e lv e  
h o u rs  a t  room te m p e ra tu r e  f o r  t h e  fo rm a t io n  o f  t h e  com plex, and th e  t im e  
was red u ce d  t o  one and a h a l f  h o u r s ,  . A ls o ,  t h e  complex was decomposed- •
: w i th  1 0 ^ ,  r a t h e r  th a n  t h e  s u g g e s te d  c o n c e n t r a t e d ,  s u lp h u r i c  a c i d .  In  
o rd e r  t o  e n su re  com ple te  d e h y d r a t io n ,  t h e  c rude  r e a c t i o n  p ro d u c t  was 
r e f lu x e d  w i th  e t h y l  a l c o h o l  c o n ta in in g  a few drops o f  c o n c e n t r a te d  
h y d r o c h lo r i c  a c i d .
An a t te m p t  was f i r s t  made t o  d ehydrogena te  3 ,  L -d ih y d ro -6 -m e th o x y - l -  
m e th y ln a p h th a le n e  (LXXXIV) by u s in g  10^ p a l la d iu m  on c h a r c o a l .  T h is  was 
u n s a t i s f a c t o r y  b e c a u se  some s t a r t i n g  m a t e r i a l  rem ained  a f t e r  r e a c t i o n ,  
and th e  n . m . r ,  sp ec tru m  showed, by th e  low i n t e g r a t i o n  v a l u e ,  t h a t  much 
o f  t h e  methoxy group h ad  been  l o s t .  In  agreem ent w i th  t h i s ,
1-m e th y ln a p h th a le n e  was i d e n t i f i e d  in  th e  m ix tu re  by g a s - l i q u i d  
ch rom atography . T his  was r a t h e r  s u r p r i s i n g ,  s in c e  oxygen groups a r e  
no rm ally  n o t  as  p rone  t o  e l im i n a t io n  w ith  p a l la d iu m  as w i t h ,  f o r  exam ple , 
se len iu m . S u lp h u r  was t h e r e f o r e  u sed  as th e  d e h y d ro g en a t io n  ag en t ,9? and. .
6-m e th o x y - l -m e th y ln a p h th a le n e  ( LXXXV) m .p , 47*^  was p roduced  in  92^ y i e l d ,  
B h a t ta c h a ry y a ,^ ^  i n  f a c t ,  o n ly  q uo ted  a  b o i l i n g  p o i n t ,  and no m e l t in g  
p o in t  f o r  t h i s  compound, b u t  i t  i s  k n o w n t o  e x i s t  in  a  c r y s t a l l i n e  form. 
E i th e r  B h a t ta c h a r ry a ^ s ^ ?  compound was n o t  p a r t i c u l a r l y  p u r e ,  o r  he d id  
h i s  e x p e r im e n ta l  work d u r in g  t h e  monsoon I The s p e c t r a  o f  t h i s  compound 
were o f  c o u rs e  m arked ly  changed compared t o  th e  p r e c u r s o r . (LXXXIV), The 
i n t e g r a t i o n  v a lu e s  i n  t h e  n l m . r ,  spec trum  showed th e  in c r e a s e d  number o f  
a ro m a tic  p r o t o n s ,  and th e  u l t r a v i o l e t  spec trum  was t y p i c a l  f o r  a  n a p h th a le n e  
d e r i v a t i v e ,  e x h i b i t i n g  f i n e  s t r u c t u r e  in  t h e  310-335 W  r e g io n .
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5 - M e th y l - 2 - t e t r a l o n e  (LX^CCVI) was formed^? py th e  r e d u c t io n  o f  LXXXV 
w i th  sodium in  a l c o h o l ,  fo llow ed by hyd ro lysis  w ith  d i l u t e  
h y d r o c h lo r i c  a c i d ,  Tiiis method was o r i g i n a l l y  u sed  by C o rn fo r th  e t  , a l ,  
who combined t h e  s e p a r a t e  s t e p s  o f  r e d u c t io n  o f  2-m e th o x y n ap h th a len e  
t o  t h e  d ih y d ro  d e r i v a t i v e ,  and su b seq u en t h y d r o ly s i s  o f  t h i s  e n o l  m e thy l 
e t h e r  o f  t h e  3 ~ te t r a lo n e  t o  t h e  k e to n e ,  D im e th y la t io n  t o  1 ,  1 ,  5 - t r i m e t h y l -
2- t e t r a l o n e  (LXXXVII) was c a r r i e d  ou t as d e s c r ib e d  f o r  p r e v io u s  i s o m e r s ,  
and t h i s  compound c r y s t a l l i s e d  from l i g h t  p e t ro le u m  ( b .p ,  40 -60°)  as 
c o l o u r l e s s  c l u s t e r s  o f  p r ism s  m ,p, in  a  y i e l d  o f  92^, The k e to n e  was 
th e n  b ro m in a te d ,  and dehydrobrom ina ted  w i th  y - c o l l i d i n e - t o - g i v e  t h e  f i n a l  
compound 1 ,  2 ^ d ih y d r o ^ l ,  1 ,  5 - t r im e th y l - 2 - o x o n a p h th a le n e  (LXXXIX), . The 
n ,m . r ,  sp ec tru m  o f  t h i s  compound showed a gem-d im e th y l  s i n g l e t  a t  T 8 ,5 2 , '  
a ro m a tic  m e th y l p ro to n s  a t  T 7 .5 2 ,  and a m u l t i p l e t  due t o  t h e  a ro m a tic  
protons between T 2 ,6  and T 3 .0 ,  The o l e f i n i c  protons ab so rb ed  as  an AB 
q u a r t e t  a t  T 3 .8 0  and T 2 ,2 2 ,  Tliis spec trum  (No, 15) i s  shown as b e in g  
t y p i c a l  o f  t h e  1 ,  2 -d ih y d ro - t r im e th y l - 2 - o x o n a p h th a le n e  s e r ie s .  The i n f r a ­
re d  sp ec tru m  showed an i n t e n s e  c a rb o n y l  band a t  l 660  cm ,~^ , and s t r o n g  
a b s o rp t io n s  in  t h e  a ro m a tic  s u b s t i t u t i o n  r e g io n  a t  790  c m ,~ l ,  and 770  cm.“ ^. 
The u l t r a v i o l e t  spec trum  was a l s o  t y p i c a l  f o r  th is  ty p e  o f  compound, 
e x h i b i t i n g  a b ro a d  a b s o r p t io n  a t  3 l4  mp (e^  9 ,3 0 0  1 , / g .m o l , c m , ) ,
P r e p a r a t io n  o f  T h io-A nalogues o f
- - ' .
a) 1 , 4 - P ih y d r o - 4 ,  4 ,  5 - t r i m e th y l - l - o x o n a p h t h a l é n e  and th e  • _ 
4 ,  4 ,  6 -an d  4 ,  4 ,  7-Trim ethyl Isomers
b ) 1 , 2 -D ih yd ro-l, 1 , 5- t r i m e t h y l - 2-o x o n a p h th a le n e  and th e  1 , 1 ,  6 -  
1 , 1 , 7 -and 1 , 1 , 8 - T r im e th y l  Isomers"
I n t r o d u c t io n  .
T h io -k e to n e s  o f  t h i s  ty p e  a r e  unknown. The co m p lex i ty  and number o f  
products which can be formed during attem pts to  convert k ê to ü es 'to  t h io -
k e to n e s ,  t h e i r  i n h e r e n t  tendency t o  p o ly m erize  i n  many c a s e s ,  and t h e  absence  
o f  a s t a n d a r d  s e t  o f  e x p e r im e n ta l  c o n d i t io n s  owing t o  the d i f f e r e n t  
b eh av io u r  o f  d i f f e r e n t  k e to n e s  under  i d e n t i c a l  cond ition s -  a l l  t h e s e  
f a c t o r s  make th e  p r e p a r a t i o n  o f  th i o - k e to n e s  chancy and d i f f i c u l t .
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F i r s t l y ,  t h e  ty p e  o f  p ro d u c ts  which can be formed w i l l  be t a b u l a t e d  
in  o rd e r  t o  i l l u s t r a t e  t h e  co m p lex ity  o f  t h e  r e a c t i o n ,  see  F ig u re  1 .
A l l  t h e s e  compounds can be formed d u r in g  t h e  a c i d  -  c a t a l y s e d  a d d i t i o n  
o f  hydrogen  s u lp h id e  t o  k e to n e s  -  t h e  method f i n a l l y  ad o p ted  in  th e  
p r e s e n t  w ork. Compaigne^^ q u o te s  t h a t  i n i t i a l l y  hydrogen  s u lp h id e  adds 
on t o  t h e  k e to  group t o  form t h e  c o n ju g a te  a c i d  o f  a  h y d r o x y th io l  (XCIV), 
T h i s ,  i n  t u r n ,  may th e n  l o s e  a hydroxonium io n  t o  g iv e  t h e  t h i o n e  (XC), 
o r  i t  may p o ly m e r iz e  d i r e c t l y  t o  t h e  t r i t h i a n e  (X Cl). The t h i o n e  (XC) 
may a l s o  p o ly m e r iz e  t o  t h e  t r i t h i a n e  (XCI), which in  c e r t a i n  c i rc u m s ta n c e s  
can be d i s s o c i a t e d  by  h e a t  and can t h e r e f o r e  e x i s t  i n  th e rm a l  e q u i l ib r i u m  
w ith  t h e  t h i o n e  (XC)* '
Fi&. J l q . ^  q
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C e r t a in  d i a r y l  t h i o - k e t o n e s  w i l l  rem ain  in  t h e  monomeric form as lo n g  
as th e y  a r e  k e p t  in  an i n e r t  a tm o sp h ere .  T h iobenzophenone , f o r  exam ple , 
can be i s o l a t e d  in  th e  form o f  dark b lu e  n e e d l e s ,  and th e  b lu e  c o lo u r  can 
c e r t a i n l y  be  a s s o c i a t e d  w i th  t h e  C=S bond. I t  i s  g e n e r a l l y  a c c e p te d  t h a t  
t h e  low i n t e n s i t y ,  lo n g  w av e len g th  a b s o r p t io n  band o f  t h i o n e s  i s  caused  
by a nj-TT*electronic t r a n s i t i o n .  A lthough a  g r e a t  d e a l  o f  c o n fu s io n  e x i s t s  
in  th e  l i t e r a t u r e  abou t t h e  t r u e  n a t u r e  o f  p ro d u c ts  formed by t h e  
a d d i t i o n  o f  hydrogen  s u lp h id e  t o  k e to n e s ,  t h i s  b lu e  c o lo u r  i s  
c h a r a c t e r i s t i c  f o r  t h e  th i o n e  m o ie ty .  I t  i s  n o t  a s s o c i a t e d  w i th  any o f  
th e  o t h e r  ty p e s  o f  compound formed in  t h e  r e a c t i o n ,  and was a c c e p te d  in  
th e  p r e s e n t  w ork , in  c o n ju n c t io n  w i th  o th e r  s p e c t r a l  e v id e n c e ,  as p ro o f  
f o r  th e  p r e s e n c e  o f  t h i o - k e t o n e s .
A l i p h a t i c  k e t o n e s ,  on t h e  o t h e r  h an d ,  t r i m e r i s e  d i r e c t l y  t o  t r i t h i a n e s  
(X Cl), and no c o lo u r s  a r e  o b s e rv e d  d u r in g  t h e  r e a c t i o n .  A lk y l a r y l  ketones  
a re  knoi-m i n i t i a l l y  t o  form monomers which a r e  i n t e n s e l y  c o lo u re d ,  b u t  
t h e s e  a l s o  s p o n ta n e o u s ly  t r i m e r i z e  i n t o  t h e  c o l o u r l e s s  t r i t h i a n e s  (XCI).
Long c h a in  polym ers  have a l s o  been  i d e n t i f i e d  as  b y -p ro d u c ts  d u r in g  t h i s  
ty p e  o f  r e a c t i o n ;  b o r n e r , ^00 f o r  i n s t a n c e ,  showed t h a t  n i t r o b e n z a ld e h y d e  
formed p o ly s u lp h id e s  (XCIl) w i th  a  ch a in  l e n g th  o f  betw een 9 t o  13 u n i t s .
The fo rm a t io n  o f  gem-d i t h i o l s  (XCV) by t h e  r e a c t i o n  o f  hydrogen  s u lp h id e  
w ith  c a rb o n y l  compounds i s  a g a in  a  s u b j e c t  which has  caused  a g r e a t  d e a l  
o f  c o n fu s io n ,  Mayer^°^ r e p o r t s  t h a t  i t  i s  a lm os t im p o s s ib le  t o  c o n v e r t  
k e to n es  i n t o  t h i o - k e t o n e s  by r e a c t i o n  w i th  hydrogen  s u lp h id e ,  and t h a t ,  
in  th e  m a in ,  t h e  p ro d u c ts  a r e  gem-d i t h i o l s  (XCV), The e x p la n a t io n  i s  t h a t  
a l i p h a t i c  t h i o - k e t o n e s  a r e  u n s t a b l e  in  t h e  monomeric form b e c a u se  s u lp h u r  
does n o t  e a s i l y  form a tt bond w i th  ca rb o n .  T his  i s  due t o  t h e  low 
e f f e c t i v e n e s s ,  o f  Tf-type o v e r l a p  in v o lv in g  th e  3pir o r b i t a l  o f  s u lp h u r  
and th e  o r b i t a l  o f  c a rb o n .  Thus, th e  ease  o f  fo rm a t io n  o f  d im e rs ,  
t r i r a e r s ,  po lym ers  and gem-d i t h i o l s  hav ing  o n ly  t h e  C-S s i n g l e  bond can 
he acco u n ted  f o r .  He a g r e e s ,  how ever, t h a t  c o n f l i c t i n g  r e p o r t s  have 
heen p u b l i s h e d ,  f o r  exam ple , f o r  t h e  a c id  -  c a t a l y s e d  r e a c t i o n  o f  
hydrogen s u lp h id e  w i th  3 - d i c a r b o n y l - compounds. ■ A lthough  t h e s e  a r e
-  92 -
a l l e g e d  t o  g iv e  e x c l u s i v e l y  t h i o - c a r b o n y l  compounds, ^^^ 3 -o x o c a rb o x y l ic  
e s t e r s  were found  a l s o  t o  y i e l d  gem-d i t h i o l s ^ ^ ^  (3 ,  3 -d im e rc a p to c a rb o x y l ic  
e s t e r s )  in  t h i s  r e a c t i o n .  A l l  r e c e n t  r e p o r t s  o f  gem-d it h io l  fo rm a t io n  
have made u se  o f  th e  SH s t r e t c h i n g  v i b r a t i o n  in  t h e  i n f r a r e d  spec trum  a t  
2570  cm.~l f o r  t h e  c h a r a c t e r i s a t i o n  o f  t h e  r e a c t i o n  p r o d u c t s ;  t h i s  i s  
im p o r ta n t  in  t h e  l a t e r  d i s c u s s io n  on th e  s p e c t r o s c o p i c  evidence f o r  th e  
fo rm a t io n  o f  t h i o - k e t o n e s  p r e p a r e d  in  t h i s  work.
S ince  k e t o - e n o l  tau tom erism  i s  n o t  p o s s i b l e  in  t h e  c a se  o f  t h e  
d ih y d ro n a p h th a le n e  d e r i v a t i v e s  d i s c u s s e d  h e r e ,  t h e  fo rm a t io n  o f  t h e  
c o m p a ra t iv e ly  s t a b l e  e n e - t h i o l s  ( XCVII) can be d is c o u n te d .
D is c u s s io n  o f  R e s u l t s  . .
In  view o f  t h e  above-mentioned d i f f i c u l t i e s  e x p e r ie n c e d  w i th  t h e  hydrogen  
s u lp h id e  r e a c t i o n ,  other methods were a l s o  examined f o r  th e  p r e p a r a t i o n  
o f  t h e  t h i o - k e t o n e s  in  q u e s t io n  ( P a r t s  A and B). The p o s s i b i l i t y  o f  
f in d in g  a p r o c e s s  which would l e a d  t o  a  l e s s  complex m ix tu re  o f  r e a c t i o n  
p ro d u c ts  had t o  be  c o n s id e r e d ,  a l th o u g h  i t  was r e a l i s e d  t h a t  t h e  g e n e r a l  
tendency  o f  t h i o - k e t o n e s  t o  p o ly m erize  co u ld  n o t  be s u p p re s s e d .
At one s t a g e  t h e  r e s u l t s  were so d i s c o u ra g in g  t h a t  a change from 
d ih y d ro n a p h th a le n o n e s  t o  3 ,  10 , lO -trim ethyl-9-anthrone was contem plated, 
in  t h e  hope t h a t  t h i s  would form t h e  c o r re s p o n d in g  th i o - a n a lo g u e  more 
e a s i l y .  T h is  i s  f u l l y  d i s c u s s e d  in  P a r t  C.
F i n a l l y ,  how ever,  it .  was found t h a t  t h e  r e a c t i o n  o f  hydrogen  s u lp h id e  
w ith  th e  d ih y d ro -p x o n a p h th a le n e s  gave' r e a s o n a b ly  s a t i s f a c t o r y  r e s u l t s ,  
which a r e  d e s c r ib e d  in  P a r t  D.
A, R e a c t io n  w i th  Phosphorus P e n ta s u lp h id e
A lthough no s u c c e s s f u l  th i o n e  p r e p a r a t i o n  by t h i s  r e a g e n t  had  been  
r e p o r te d  o u t s i d e  t h e  h e t e r o c y c l i c  s e r i e s ,  i t  was th o u g h t  w o r th w h ile  t o  
attempt a conversion o f  1 , 4 -d ihydro-4 , 4 ,. T -trim eth yl-l-oxon aphthalene
(XLVJI) t o  t h e  c o r re s p o n d in g  th io n e  in  t h i s  way. . T h e ■e x p e r im e n ta l  
c o n d i t io n s  u sed  in  e a r l i e r  ex p e r im en ts  f o r  th e  p r e p a r a t i o n . o f  t h i o -  
qu ino lones  and -p y r id o n e s  were ad o p ted .
-  93 -
The r e a c t i o n  p r o d u c t  was an o range  s o l i d ,  b u t  any a t te m p t  t o  
r e c r y s t a l l i s e  t h i s  from a v a r i e t y  o f  s o lv e n t s  p roduced  a  w h i te  
p r e c i p i t a t e ,  and e v a p o ra t io n  o f  t h e  m other l i q u o r s  r e s u l t e d  in  a 
y e l lo w  gum. A lthough th e  s p e c t r a  o f  t h e  w h i te  p r e c i p i t a t e  gave no 
in f o r m a t io n ,  t h e  s p e c t r a  o f  t h e  y e l lo w  gum were q u i t e  i n s t r u c t i v e .
The n . m . r .  sp ec tru m  o f  t h i s  p ro d u c t  showed th e  f o l lo w in g  a b s o r p t i o n s .
T v a lu e M u l t i p l i c i t y Number o f  p ro to n s
7 .6 0
7.48
6.57
2 .78
2 . 6 0 - 2 . 7 8
1 . 9 5 - 2 . 2 0
S i n g l e t
S i n g l e t
S i n g l e t
M u l t i p l e t
M u l t i p l e t
• 3
6 • .
S ig n a l  l o s t  oh 
D2O a d d i t i o n
2
2
The i n f r a r e d  sp ec tru m  o f  t h e  p ro d u c t  was r a t h e r  f e a t u r e l e s s  a p a r t  
from an a b s o r p t i o n  a t  2570 cm .-^ ;  t h e r e  was no c a rb o n y l  band .  The 
u l t r a v i o l e t  s p e c tru m , a l th o u g h  n o t  w e l l  r e s o l v e d ,  c l e a r l y  showed 
a b s o r p t io n s  a t  330-340 mp,.
The l o s s  on d e u t e r a t i o n  o f  t h e  n . m . r .  a b s o r p t io n  a t  T 6 .5 7 ,  and th e  
i n f r a r e d  a b s o r p t i o n  a t  2570  c m . - \  s t r o n g ly  s u g g e s te d  th e  p r e s e n c e  o f  
an SH g ro u p .  U n f o r tu n a te ly  chem ica l  a n a l y t i c a l  f i g u r e s  co u ld  n o t  be 
used  t o  i d e n t i f y  t h e  n a t u r e  o f  t h e  p r o d u c t ,  as d eco m p o si t io n  o c c u r r e d  
d u r in g  a t te m p ts  a t  p u r i f i c a t i o n .  The n . m . r .  spec trum  e x c lu d ed  th e  
d i t h i o l  s t r u c t u r e  (XCIX), b e c a u se  o f  t h e  absence  o f  o l e f i n i c  p r o to n s  
and th e  gem-d im e th y l  g ro u p .  T h is  l a t t e r  a b s o r p t io n  would be e x p e c te d  
a t  a s i m i l a r  p o s i t i o n  t o  t h a t  i n  t h e  c o r r e s p o n d in g .k e to n e  i/G y T o ,5 3 .  
F u r th e rm o re ,  th e  i n t e g r a l  t r a c e  showed th e  p r e s e n c e  o f  o n ly .o n e  SH 
p ro to n .
-  9%
SH SH
CHg CH3
XCIX)
Thus, a  s t r u c t u r e  had  t o  be  fo rm u la te d  t o  a l l  ou one SH p r o t o n ,  t h e  
l o s s  o f  o l e f i n i c  p r o t o n s ,  an a p p a re n t  d e s h ie l d in g  o f  t h e  gem-d im e th y l 
g rc u p ,  and th e  g a in  o f  one a ro m a tic  p r o to n .  The a b s o r p t io n s  in  t h e  
u l t r a v i o l e t  sp e c tru m , how ever, were i n d i c a t i v e  o f  a n a p h th a le n e  
n u c le u s ,  s u g g e s t in g  t h a t  a r o m a t i s a t io n  t o  th e  fo l lo w in g  compound had  
o c c u r re d .
SH
(C)
In  o rd e r  t o  e x p l a in  t h e  n . m . r .  spec trum  th e  s i x - p r o t o n  s i n g l e t  a t  
T 7 .48  i s  a s s ig n e d  t o  two s e p a r a t e  m e thy l g ro u p s ,  which a re  
c o i n c i d e n t a l l y  e q u i v a l e n t ;  no r e a s o n a b le  i n t e r p r e t a t i o n  i s  p o s s i b l e  
i f  th e  o r i g i n a l  gem-d im e th y l  group i s  assumed s t i l l  t o  be p r e s e n t . '  • 
Since this absorption is at lower field than that for the third methyl 
group, it must arise from the methyl in the a-position, and one of the^ 
6-m ethy l g roups (p ro b a b ly  in  th e  B - p o s i t i o n ) . The T v a lu e s  o f  th e  
methyl groups also suggest that they are all attached to aromatic nuclei
—  U - i  _
A lthough no ch em ica l  ev id e n c e  was o b ta in e d  f o r  t h i s  s t r u c t u r e  b ec a u se  
o f  th e  i n s t a b i l i t y  o f  t h e  compound, t h e  assumed re a r ra n g e m e n t  would 
seem t o  be  f e a s i b l e  by a n a lo g y  w i th  t h e  a r o m a t i s a t i o n  o f , t h e  d i c h l o r o -  
compound ( C I I l )  d i s c u s s e d  l a t e r ,  f o r  which c o n c lu s iv e  ev id en ce  w i l l -  
be p r e s e n te d .
P roposed  r e a c t i o n  mechanism
0 . . .
CH3
CH3 " "C H 3
(XLVII)
SIL L SH
CE3"^CH3
CÏÏ
CH3
SH
SH
(C)
'CH
D uring t h e  above r e a c t i o n  t h e  c o lo u r  o f  t h e  m ix tu re  t u r n e d  g r e e n ,  and 
l a t e r  y e l lo w j  i t  i s  t h e r e f o r e  p o s s i b l e  t h a t  some o f  t h e  th i o n e  was formed 
i n i t i a l l y ;  t h i s  may th e n  have r e a r r a n g e d  t o  g iv e  t h e  n a p h th a le n e  
d e r i v a t i v e  (C) o r  changed in  o t h e r  ways.
-  yo  -
B. A ttem pted  P r e p a r a t i o n  by way o f  t h e  K e to - d ic h lo r id e
A nother method which seemed t o  be p ro m is in g  was th e  c o n v e rs io n  o f  
th e  k e to n e  i n t o  t h e  c o r re s p o n d in g  d ich lo ro -com pound , u s in g  t h i o n y l  
o r . o x a l y l  c h l o r i d e ,  and s u b se q u e n t ly  r e f l u x i n g  w i th  t h i o a c e t i c  a c i d .
T his  i s  a l l e g e d  t o  g iv e  t h e  th i o n e  from k e to n e s  which canno t e n o l i z e .  
SchonberglOZ has  c a r r i e d  o u t  t h i s  r e a c t i o n  w i th  a  number o f  h e t e r o c y c l i c  
k e to n e s ,  and i t  i s  a l s o  known to  be  s u c c e s s f u l  w i th  benzophenone.
C =  0
Cl
)0C1? \  /——y c
Cl
CH3COSH
Cl \
I t  was d e c id e d  t o  a t te m p t  t h i s  c o n v e r s io n ,  in  t h e  f i r s t  i n s t a n c e ,  w i th  
m e s i ty l  o x id e  as a  model compound, b eca u se  o n ly  a  l i m i t e d  amouixt o f  th e  
k e t o n e ' (XLVII) was a v a i l a b l e .  The p r o d u c t ,  i s o l a t e d  a f t e r  t r e a tm e n t  
w ith  t h i o n y l  c h l o r i d e ,  co u ld  n o t  be i d e n t i f i e d  e i t h e r  by i t s  n . m . r .  o r  
i t s  i n f r a r e d  sp ec tru m . A p o s s i b l e  b y -p ro d u c t  i n  t h i s  r e a c t i o n  co u ld  be 
h -h y d ro k y - 3-m ethy 1th io p y ry l iu rn  c h l o r i d e .
The s p e c t r a  w ere so in c o n c lu s iv e ,^  how ever, t h a t  t h i s  e x p e r im en t was 
abandoned.
Braude and E v a n s r e p o r t e d  t h a t  t h e  r e a c t i o n  o f  phosphorus  
p e n ta c h lo r id e  w i th  m e s i ty l  o x ide  gave a  m ix tu re  o f  t h e  d i c h l o r i d e  ( Cl), 
and th e  m o n o c h lo ro -d ien e  ( C I l ) ,  which th e y  were a b l e  t o  s e p a r a t e  e a s i l y  
on d i s t i l l a t i o n .
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Tvro a t te m p ts  were made t o  r e p e a t  t h i s  e x p e r im e n t ,  h u t  in  both c a se s  '
g a s - l i q u i d  chrom atography  r e v e a le d  seven  components which were
im p o ss ib le  t o  s e p a r a t e  by d i s t i l l a t i o n .  Braude and Evans^^^ qu o ted  
. • '
a n a l y t i c a l  f i g u r e s  f o r  t h e  monochloro-diene o n ly , .but none f o r  th e  • 
d ich lo ro -com pound  which th e y  c la im  t o  have o b ta in e d  in  good y i e l d .
At t h i s  s t a g e ,  i t  was co nc luded  t h a t  m e s i ty l  o x id e  was n o t  a  good 
model f o r  t h e  d ih y d ro -o x o n a p h th a le n e s , and t h a t  t h e  foregoing  
experim en ts  were n o t  n e c e s s a r i l y  r e l e v a n t .  I t  had  n o t  been  r e a l i s e d  
i n i t i a l l y  t h a t  e x p e r im e n ta l  c o n d i t io n s  s t a n d a r d i s e d  f o r  any model 
compound co u ld  q u i t e  e a s i l y  be u s e l e s s  when a p p l i e d  t o  d ih y d ro -  
oxonaph tha lenes  , b e ca u se  each ty p e  o f  k e to n e  a p p ea red  t o  behave 
d if fe r e n t ly .
An a t te m p t  was th ere fo re  made t o  c o n v e r t  1, k-dihydro-^ , 4 , T - t r im e th y l -
1 -o x o n ap h th a len e  (XLVII) t o  i t s  gem-dich lo ro -com pound  ( C I I l )  by  means o f  
o x a ly l  c h o r id e  a t  t h e  r e f l u x  te m p e r a tu r e ,  ' *
CH
Cl JCI
CH
CH CH
(XLVII) ( C I I l )
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An o i l  v a s  i s o l a t e d  v h ic h  s e p a r a t e d  from e t h a n o l  as v l i i t e  n e e d le s  
m.p. 6 8 .5 ° .  The n . m . r .  spec trum  o f  t h i s  compound shoved t h e  
f o l l o v i n g  ab sorp tion s.
■ T able  13
T v a lu e M u l t i p l i c i t y Number o f  p r o to n s
7 .6 2 S i n g l e t 3
7 .5 0 S i n g l e t 6 ; -s -
2 .7 0 D oublet o f  d o u b le ts  _J = 9 .0  c . / s e c .
1 .8  c . / s e c ^  i
2 ,6 6 . S i n g l e t
2 .15
2 .05
D oublet _J = 9 .0  c . / s e c .  
Broad s i n g l e t } '
This  sp ec tru m  s u g g e s te d  t h a t  t h e  s i x  e q u iv a le n t  p ro to n s  v e r e  due t o  
th e  e x p e c te d  gem-d im e th y l  g roup .  I t  v a s , h o v e v e r ,  r a t h e r  d i f f i c u l t  
t o  accoun t f o r  t h e  change in  t h e i r  chem ica l s h i f t  v a lu e  from t h a t  o f  
th e  d ih y d ro -o x o n a p h th a le n e  (T 8 . 5 3 ) .  C onvers ion  o f  a  C~0 t o
^C1
in  th e  p a r a - p o s i t i o n  t o  th e  gem-dimethyl group v o u ld  n o t  be expected  
t o  g iv e  a  change o f  th is  magnitude. A lso ,  th e  i n t e g r a t i o n  v a l u e s - o f  
th e  lo v  f i e l d  protons v e re  in c o r r e c t ,th r e e  a ro m a tic  and tv o  o l e f i n i c  
protons b e in g  e x p e c te d ,  v h i l e  f o u r  a ro m a tic  p ro to n s  vere found .
The n .m .r. spectrum v a s , on t h e  other h an d ,  c o n s i s t e n t  v ith  t h a t  o f  
an a ro m a tic  compound vhich had  been  formed from t h e  expected d ichloro- 
compound by l o s s  o f  hydrogen  c h lo r id e , fo llo v ed  by t h e  m ig r a t i o n  o f  a 
methyl group as o u t l i n e d  b e lo v :-
(XIVII
CH
( C I I I )
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P ro to n s  5 and 6 gave an AB q u a r t e t ;  p ro to n  6 vas  f u r t h e r  s p l i t  by a 
m e ta -c o u p l in g  t o  p ro to n  8 (Jg  g 1 .8  c . / s e c . )  which i t s e l f  a b so rb ed  as 
an u n re s o lv e d  b ro a d  s i n g l e t  a t  T 2 .05  (T ab le  1 3 ) .  The s h a rp  s i n g l e t  
a t  T 2 .6 6  was a s s ig n e d  t o  p ro to n  2. The t h r e e  m e thy l g ro u p s ,  two o f  
which a r e  e q u i v a l e n t ,  ab so rb ed  a t  T 7 .5 0  and T 7 . 6 2 , which i s  much 
more in  agreem ent w i th  t h e i r  b e in g  s u b s t i t u e n t s  on a ro m a tic  r i n g s ,  
fa th er  than t h a t  two o f  them a r e  t h e  gem-d im e th y l  group o f  t h e  e x p e c te d  
d ich lo ro -com pound  ( C I I l ) .  The e q u iv a le n c e  o f  th e  two m e thy l groups 
was a r a t h e r  c o n fu s in g  c o in c id e n c e  which h a d ,  a t  f i r s t ,  s u g g e s te d  th e  
r e t e n t i o n  o f  t h e  gem-d im e th y l  m o ie ty .  . .
The i n f r a r e d  sp ec tru m  o f  t h e  compound was n o t  p a r tic u la r ly  i n s t r u c t i v e ,  
ex ce p t  t h a t  i t  showed a more c o m p lic a te d  a ro m a t ic  s u b s t i t u t i o n  p a t t é r n  
th a n  t h e  p r e c u r s o r ,  and a l s o  showed th e  absence  o f  t h e  c a rb o n y l  g roup .
That t h e  compound was in d e e d  l - c h lo r o -3 , 4* 7 - t r i m e th y l n a p h th a le n e  
( c iv )  was b o rn e  o u t  by u l t r a v i o l e t -  and mass s p e c t r a l  d a t a ,  and th e  
e lem en ta ry  a n a l y s i s .  Tlie u l t r a v i o l e t  spec trum  was t h a t  o f  a  t y p i c a l  
n a p h th a le n e  d e r i v a t i v e ,  showing t h e  e x p e c te d  f i n e  s t r u c t u r e  in  t h e  , 
region between 300 and 3^0 ray. The mass spec trum  gave a p a r e n t  peak (P) 
a t  20H, w i th  an i s o t o p i c  peak  a t  206 (P + 2) w ith  r e l a t i v e  i n t e n s i t y  
(33#) o f  P ,  as would be e x p e c te d  f o r  a monochloro-compound C13H13CÏ (CIV) 
The f r a g m e n ta t io n  p a t t e r n  showed t h a t  b o th  CH3 and 01 w ere s p l i t  o f f  
rea d ily .
1 0 0  -
An a t te m p t  t o  a v o id  th e  rea r ra n g e m e n t  r e a c t i o n  ( G U I ) -> {ClY)  by 
c a r r y i n g  o u t  t h e  r e a c t i o n  o f  o x a l y l  c h l o r i d e  w i th  t h e  d ih y d ro n a p h th a le n o n e  
a t  0° f a i l e d .  Again th e  same n a p h th a le n e  d e r i v a t i v e  (CIV) was o b ta in e d .  
F u r th e r  attem pts t o  form th e  dichloro-compound were t h e r e f o r e  abandoned.
C. A ttem pted  P r e p a r a t i o n  o f  3» 10 , lO -T r im e th y l - 9 - th io a n th r o n e
Because o f  t h e  d i f f i c u l t i e s  e x p e r ie n c e d  so f a r  i t  was d e c id e d  t o  
a t t e m p t ,  c o n c u r r e n t l y , t h e  p r e p a r a t i o n  o f  a n o th e r  s e r i e s  o f  model 
compounds which c o u ld  be  u sed  i n s t e a d  o f  t h e  d ih y d ro n a p h th a le n o n e s  f o r  
a r o m a t i c i t y  c a l c u l a t i o n s .  A nthrones  were th o u g h t  t o  be s a t i s f a c t o r y  
• s u b s t i t u t e s  i n  view o f  t h e  s i m i l a r i t y  in  t h e  s p a t i a l  a r ran g em en ts  o f  . t h e , 
r e l e v a n t  g ro u p s .  I f  3 ,  1 0 , lO -tr im eth y l-9 -anthrone co u ld  be s u c c e s s f u l l y  
c o n v e r te d  t o  t h e  t h i o n e ,  and t h e  ch em ica l s h i f t  d i f f e r e n c e  o f  t h e  
3-m e th y l  group be tw een  t h e  k e to n e  and th e  th i o n e  m easu red ,  t h e  chem ica l  
s h i f t  o f  t h e  r i n g  m e th y l group in  l - 4 - d i h y d r o - 4 ,  6-trim ethylnaphthalene-
1 - t h i o n e  co u ld  be  c a l c u l a t e d  from t h e  a b s o r p t io n  o f  t h e  corresponding  
ketone. A c o n s t a n t  change in  t h e  chem ica l s h i f t  betw een t h e  k e to n e  and 
th io n e  in  b o th  s e r ie s  would have t o  be  assum ed, and t h e  same re a s o n in g  
would apply for  r i n g  m e th y l a b s o r p t io n s  i n  o th e r  p o s i t i o n s .  The scheme 
f o r  th e  a t te m p te d  preparation o f  3 ,  1 0 ,  l O - t r i m e t h y l - 9 - t h i o a n t h r o n e  i s  
shoun .
Scheme f o r  t h e  A ttem p ted  P r e p a r a t io n  o f 3 , 10% lO - T r im e th y l - 9 - th io a n th r o n e
—«.Ciiiiwaim*. urn,.,»   w * , w ' w- , u„ «un mun.ai i m ■■ f . ....... i ti—nW.—
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-  1 0 1  -
For t h e  p r e p a r a t i o n  o f  3 -m e th y l -9 -a n th ro n e  (CVI) hy r e d u c t io n  o f
2-m e th y la n th ra q u in o n e  (CV) w ith  aluminium and concentrated s u lp h u r i c
a c i d ,  t h e  i n s t r u c t i o n s  o f  Barnett and Goodway^^^ were f o l lo w e d .  I t
i s  p erh ap s  worth w h ile  m e n tio n in g  t h a t  t h e  recommended s e p a r a t i o n  o f
. .
t h e  r e s u l t i n g  isom ers  hy f r a c t i o n a l  c r y s t a l l i s a t i o n  o f  t h e  a c e t y l a t e d  
r e a c t i o n  p r o d u c t ,  fo l lo w e d  hy  h y d r o ly s i s  g av e ,  in  t h e  p r e s e n t  w ork , 
th e  r e q u i r e d  3 -m ethy l isom er (CVI) in  a s u b s t a n t i a l l y  b e tte r  y i e l d  
(1 9 /0  th a n  t h a t  q u o te d  ( lO # ) .1 0 5
Most o f  t h e  in fo rm a t io n  in  t h e  l i t e r a t u r e  on th e  p r e p a r a t i o n  o f  
1 0 ,  lO -d im e th y l -9 - a n th ro n e  from 9 -a n th ro n e  m en tions  h ig h l y  ■. 
u n s a t i s f a c t o r y  y i e l d s  aroun'd 6^ . 107,1082  109 C u r t in  and R i c h a r d s o n l 06 
f i r s t  a t te m p te d  t o  improve on t h i s  by c a r r y in g  o u t  t h e  a l k y l a t i o n  in  a 
n o n -p o la r  medium, b e c a u se  m é th y la t io n  i n  th e  p r e s e n c e  o f  aqueous 
p o ta ss iu m  h y d ro x id e  gave m a in ly  lO-m ethyl-9-m ethoxyanthracene. The 
m o d i f i c a t io n  proved a p p l i c a b l e  o n ly  t o  a l l y l  h a l i d e s ,  which a r e  knoim 
to  g iv e  C-a]kylation v e ry  r e a d ily . L a t e r ,  by a l k y l a t i n g  the l i t h i u m  
s a l t  o f  e n th ro n e  w i th  m e thy l io d id e  i n  t h e  p re s e n c e  o f  an e q u im o le c u la r  
amount o f  l i t h i u m  methoxide and a  c a t a l y t i c  amount o f t e r t i a r y  b u t y l  
a lc o h o l, th e y  su ccee d ed  i n  r a i s i n g  th e  y i e l d  t o  64%. Tliis p ro c e d u re  was 
t h e r e f o r e  ad o p te d  u s in g  3 -m e th y l~ 9 -a n th ro n e  (CV l), and f u r n i s h e d  
3 , 10 , l O - t r i m e t h y l - 9 - a n th r o n e  (CVIl) i n  50% y i e l d .  The compound 
c r y s t a l l i s e d  from e t h y l  a lcoh o l as c o l o u r l e s s  n e e d l e s ,  m .p , 121° .
D uring s p in  d e c p o u l in g  by doub le  r e s o n a n c e ,  t h e  n . m . r .  spectrum o f  t h i s  
compound showed t h a t  t h e  aromatic r i n g  m e thy l group was c o u p led  t o  b o th  
i t s  a d j a c e n t  p r o to n s  2 and 4. The a b s o r p t io n s  due t o  t h e s e  p ro to n s  
sh a rp en ed  c o n s id e r a b ly  on s p in  d e c o u p l in g ,  e n a b l in g  t h e  c o u p l in g  c o n s ta n t s  
to  be measured. The methyl absorption was a lso  s im ila r ly  sharpened by 
i r r a d i a t i o n  o f  p ro to n s  2 and 4,
T\fo methods were now a t te m p te d  f o r  t h e  c o n v e rs io n  o f  3., 1 0 , 10 - t r i m e th y l -  
9 -a h th ro n e  (CVII) t o  i t s .  c o r r e s p o n d in g . th io n e  ( C V III) .
1 0 2  -
a )  R e a c t io n  u s in g  t h e  d ich lo ro -com pound  as i n t e r m e d i a t e .
h) D irect conversion t o  th e  th ione u s in g  a c i d  c a t a l y s e d
hydrogen  s u lp h id e .  • •• • , . • . . . .
a )  The a n th ro n e  (CVIl) vas  t r e a t e d  w i th  o x a l y l  c h l o r i d e  under  
varying c o n d i t i o n s :  a f t e r  warming a t  5 0° f o r  f i v e  h o u r s ,  o n ly  th e  
s t a r t i n g  m a t e r i a l  was re c o v e re d  a l th o u g h  a  s l i g h t  c o lo u r  change was 
o b s e rv e d ;  h e a t i n g  a t  th e  r e f l u x  t e m p e r a tu r e ,  a l s o  f o r  f i v e  hou rs, 
p ro d u ced  m a in ly  s t a r t i n g  m a t e r i a l  and a  v e ry  sm a l l  amount o f  a n o th e r  
compound whose i n f r a r e d  spec trum  s u g g e s te d  t h a t  i t  was a  po lym er.  ;
Phosphorus p e n t a c h lo r i d e  f a i l e d  t o  r e a c t  w i th  t h e  a n th ro n e  (CVIl)
• ■ O . ' ' - 'b o th  by h e a t i n g  f o r  two h o u rs  a t  I 50 i n  t h e  absence  o f  a s o l v e n t ,  and 
f o r  tw en ty  h o u rs  in  r e f l u x i n g  to l u e n e .  The same r e s u l t  was o b ta in e d  
when phosphorus  p e n t a c h lo r i d e  and phosphorus  o x y c h lo r id e  were r e f lu x e d  
w ith  th e  a n th ro n e  (CVIl) in  x y le n e .  This  f a i l u r e  was r a t h e r  u n ex p ec ted  
s in c e  f lu o re n o n e  had  been  c o n v e r te d  i n t o  d ic h lo r o f lu o r e n e ^ ^ ^ j^ ^ ^  under  
t h e  above m en tio n ed  c o n d i t i o n s .  . No improvement was found  when t h e  
an th ro n e  (CVIl) was h e a t e d  w i th  phosphorus p e n t a c h lo r i d e  and oxychloride  
in  a  s e a l e d  tu b e  a t  l4 0 °  f o r  tw e n ty - f o u r  h o u r s .
b )  A cid  c a t a l y s e d  a d d i t i o n  o f  hydrogen s u lp h id e  t o  t h e  a n th ro n e  . 
(C V Il) ,  a l th o u g h  p ro d u c in g  a  g reen  c o lo u r  which s u g g e s te d  th e  fo rm a t io n  
o f  a t h i o n e ,  gave th e  s t a r t i n g  m a t e r i a l  as t h e  o n ly  i d e n t i f i a b l e  p ro d u c t .  
The th i o n e  was p ro b a b ly  formed in  such a s m a l l  q u a n t i t y  as t o  maké i t s  
d e t e c t i o n ,  a p a r t  from i t s  c o l o u r ,  im p o s s ib le .  T h io - f lu o re n o n e  has  b e e n  
p re p a re d  by t h i s  m e t h o d , ^ a g a i n  showing g r e a t e r  r e a c t iv it y  th a n  th e  
c o r re sp o n d in g  a n th ro n e .
In  view  o f  t h e  w e l l  knoim l a c k  o f  r e a c t i v i t y  o f  t h e  a n th ro n e  carbonyl 
t h e s e  f a i l u r e s  a r e  n o t  e n t i r e l y  s u r p r i s i n g .  I t  w as ,  f o r  i n s t a n c e ,  found 
im p o ss ib le  t o  obtain  any o f  t h e  usual d e r i v a t i v e s  in v o lv in g  th e  c a rb o n y l  
group  o f  t h e  a n t h r o n e s , b u t - t h e s e  ex p er im en ts  w ere o n l y . a t t e m p t e d - a f t e r  
th e  c o n v e rs io n  t o  t h e  th i o n e  had  f a i l e d .  From a l l  th e  above ev id en ce, i t  
would ap p e a r  t h a t  t h e  r e q u i r e d  t h i o - a n t h r o n e  ( CVIII) canno t r e a d i l y  be 
p r e p a re d .
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D. S u c c e s s f u l  P r e p a r a t io n  o f  T r im e th y l -d ih y d ro n a p h th a le n e th io n e s  
u s in g  t h e  Hydrogen S u lp h id e  A d d it io n  Method
I n i t i a l  e x p e r im en ts  in  which hydrogen  s u lp h id e  was p a s s e d  i n t o . t h e  
d ih y d ro -o x o n a p h th a le n e s  i n  t h e  p re s e n c e  o f  hydrogen  c h l o r i d e  showed 
t h a t  t h e  p r e p a r a t i o n  o f  t h e  th io n e s  in  t h i s  way was l i k e l y  to  be 
e x t re m e ly  d i f f i c u l t , m a in ly  b e c a u se  t h e  t h i o n e s  polym erized a lm o s t 
im m e d ia te ly .  The t r a n s i e n t  e x i s t e n c e  o f  t h e  t h i o n e s  w as , however, 
c l e a r l y  n o t i c e d ,  and v a r io u s  p r e c a u t io n a r y  m easures  d e s ig n e d  t o  p ro lo n g  
th e  " l i f e "  o f  t h e  monomer were exam ined. U n f o r tu n a te ly ,  th e  
e x p e r im e n ta l  c o n d i t io n s  co u ld  n o t  be  p r o p e r ly  s t a n d a r d i s e d ,  s in ce  not 
■all t h e  d ih y d ro -o x o n a p h th a le n e s  behaved in  th e  same way, b u t  e v e n t u a l l y  • 
t h e  optimum c o n d i t io n s  f o r  t h e  p r e p a r a t i o n  o f  each  th i o n e  were 
d e te rm in e d .  These m e thods ,  t o g e t h e r  w i th  ev id en ce  t h a t  t h e  compounds 
f i n a l l y  form ed w e re ,  in d e e d ,  t h e  e l u s i v e  th io n e s , a r e  d iscu ssed  below.
The r e a c t i o n s  were a l l  carr ied  o u t  in  d ry  m e th a n o l ,  by p a s s in g  dry 
gas s t re a m s  o f  hydrogen  sulphide and hydrogen ch lorid e i n t o  a  so lu tio n  
o f  th e  ketones a t  - 5 °  t o  0°C, In  a l l  c a s e s , t h e  n . m . r .  tu b e  and t h e  
u l t r a v i o l e t  c e l l s  w ere w e l l  f l u s h e d  w i th  n i t r o g e n  b efore t h e  sp ectra  
were recorded, o th e rw is e  polym erization  (in d ica ted  by l o s s  o f  c o lo u r )  
was so r a p i d  t h a t  no th io n e  spectrum cou].d be  o b ta in e d .
In  th e  2 -th ion e  s e r ie s ,  i d e n t i c a l  r e a c t i o n  cond ition s were u se d  in
th e  c a s e  o f  t h e  1 ,  1 ,  5 -and  th e  1 ,  1 ,  6- i s o m e r s .  I t  was found  t h a t  - 
*com plete  c o n v e rs io n  t o  t h e  th ion es was a t t a i n e d  by p a s s in g  f a s t  streams 
o f t h e  two g ases  f o r  two minutes i n t o  t h e  m e th a n o l ic  s o l u t i o n  o f  t h e  
keton e , t u r n i n g  o f f  th e  hydrogen  c h l o r i d e ,  and a l lo w in g  th e  hydrogen  
s u lp h id e  s t re a m  t o  c o n t in u e  f o r  another f i f t e e n  m in u te s .  Both s o l u t i o n s  
tu r n e d  g re e n  almost im m e d ia te ly ,  and th e n  d a rk  b l u e .  The m e thano l was 
e v a p o ra te d  by means o f  a r a p i d  s t re a m  o f  n i t r o g e n ,  and i n f r a r e d ,  u l t r a ­
v i o l e t  and  n . m . r .  s p e c t r a  o f  the b lu e  v is c o u s  o i l  So p roduced  were taken  
im m ed ia te ly .  P a s s in g  hydrogen c h l o r i d e  i n t o  t h e  r e a c t i o n  m ix tu re  f o r  
too long r e su lted  in  a red s o lu t io n , w ith lo s s  o f  o le f in ic  proton  
a b s o r p t io n s  from t h e  n . m . r .  sp ec tru m . I t  i s  p o s s i b l e  t h a t  t h e  p r e s e n c e
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o f  to o  much hydrogen  c h l o r i d e  f a c i l i t a t e d  th e  a d d i t i o n  o f  hydrogen  
s u lp h id e  t o  th e  double bond. A llow ing hydrogen s u lp h id e  to  p a s s  f o r  
to o  long produced  a y e l lo w  s o l u t i o n ,  fo l lo w e d  l a t e r  by  t h e  app ea ran ce  
o f  a s o l i d  p r e c ip ita te . A sm a l l  amount o f  k e to n e  rem ained  u n r e a c te d  
in  t h e  p r e p a r a t i o n  o f  1 , 2 - d i h y d r o - l ,  1 , 7 -trim eth ylnap h th alen e-2-  
t h i o n e ,  and a l s o  i n  t h a t  o f  t h e  1 , 1 , 8 -isom er, b u t  p a s s in g  t h e  gases  
f o r  a lo n g e r  t im e  had  no f u r t h e r  e f f e c t ,  and o n ly  te n d e d  t o  p r e c i p i t a t e  
a polym er i n  t h e  l a t t e r  ca se .
I t  was a l s o  n o t i c e a b l e  t h a t  t h e  a lm ost i n s ta n ta n e o u s  b lu e  c o lo u r  
o b ta in e d  w i th  t h e  f i r s t  t h r e e  isom ers  was n o t  o b s e rv e d  w ith  t h e  ;
1 , 1 , 8 -compound, the c o lo u r  in  t h i s  i n s t a n c e  becoming only a p p a re n t  
t e n  m in u te s  a f t e r  t h e  s t a r t  o f  th e r ea c tio n . T his  may be  due t o  s t e r ic  
h i n d r a n c e  s lo w in g  down t h i s  r e a c t i o n  b ec a u se  o f  th e  crow ding o f  t h e  
t h r e e  methyl groups and th e  c a rb o n y l  g ro u p .
In  t h e  1 - th i o n e  s e r i e s ,  t h e  s p e c t r a  w ere r e c o rd e d  a f t e r  a reaction  
t im e  o f  o n ly  f i v e  m in u te s ,  s i n c e  polym eric m a t e r i a l  was produced. This 
was i n d i c a t e d  by an a lm os t immediate colour change from p a l e  b lu e  t o  
w h i te .  A m olecular w eig h t o f  705 was found f o r  t h e  p r e c ip ita te  from 
1 , 4-d ihyd ro-4 , 4 , 7 - t r i m e t h y I n a p h t h a l e n e - l - t h i o n e , s u g g e s t in g  t h e  
p re s e n c e  o f  a t r i m e r ,  b u t  t h e  a n a l y t i c a l  f i g u r e s  were in co n c lu s iv e .
No. ch em ica l  p r o o f  can be p ro v id e d  f o r  t h e  fo rm a t io n  o f  th e  t h i o n e s ,  
s in c e  t h e i r  f l e e t i n g  p r e s e n c e  allow ed o n ly  sp ec tra l exam ination. I t  
i s  f e l t ,  however, t h a t  t h e  f o l lo w in g  ev id en ce  i s  s u f f i c i e n t l y  s t r o n g  
t o  p ro v e  t h a t  t h e  compounds formed w ere ,  in d e e d ,  th i o n e s  and n o t  any 
o f  t h e  o t h e r  p o s s i b l e  p ro d u c ts  wh ic h  w ere d e s c r ib e d  e a r l i e r  in  th e  
d i s c u s s i o n .
R e f e r r i n g  t o  F ig u re  1 ,  i t  can be  seen  th a t o f  t h e  p o s s i b l e  p ro d u c ts  
formed by t h e  a c i d  c a t a l y s e d  r e a c t i o n  o f  hydrogen  s u lp h id e  w i th  k eton es, 
gem-d i t h i o l s  (XCV), t r i t h i a n e s  (XCI) and o th e r  po lym ers  (XCIl) are 
c o lo u r le ss . E n e-th io ls  (XCVIl) cannot be produced from the compounds 
under d i s c u s s i o n .  I t  i s  knoim t h a t  t h i o n e s  (XC) from b r i l l i a n t ly
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coloured monomers, and a l l  known th io n e s  a r e  r e p o r t e d  t o  e x h i b i t  a 
s t r o n g  c o l o u r ,  g e n e r a l l y  g r e e n ,  b lu e  o r  v i o l e t .  T h e r e f o re ,  t h e  
c o lo u r  p ro d u ced  almost immediately during t h e  r e a c t i o n  i s  s t r o n g  
ev id e n c e  f o r  t h e  p r e s e n c e  o f  a t h i o n e .  The th io -carb on y l group 
has a  c h a r a c t e r i s t i c  R-band o f  low in te n s ity  g en era lly  betw een 56O 
and 600  my; , a s t r o n g  b ro a d  band  was e x h i b i t e d  w i th in  t h i s  r e g io n  by 
a l l  t h e  th ion es p r e p a r e d .  The e x te n s io n  o f  c o n ju g a t io n  in  t h e
2- t h i o n e  s e r i e s  compared t o  t h e  1 -th io n es  was a p p a re n t  from t h e i r  
h ig h e r  absorption w ave leng th  o f  590 my compared t o  570-583 my. The 
spec trum  o f  1 , 2- d i h y d r o - l , 1 , 6- t r i m e t h y l n a p h t h a l e n e - 2~ th io n e  i s  
shown as t y p i c a l  o f  th e  t h i o n e s .  • '
The i n f r a r e d  sp ectra  o f  t h e s e  compounds a l s o  supports t h e  view 
t h a t  th e y  w ere t h i o n e s .  C on juga ted  th io n e s  a r e  reported t o  e x h i b i t  
t h i o - c a r b o n y l  bands i n  t h e  r e g io n  llHO ± 80  cm.”*^, which a r e  as s t r o n g  
as c a rb o n y l  b a n d s . A l l  t h e  compounds p r e p a r e d  during t h i s  work 
had  an absorption i n  th is  r e g i o n ,  which in  a lm os t a l l  t h e  ca se s  was 
t h e  s t r o n g e s t  band  in  t h e  spectrum; no SK band at 2570 cm,~^ was 
observed. The spectrum o f  1 ,  2 - d i h y d r o - l ,  1 ,  6 -trim eth ylnap hth alen e-
2 -th io n e  i s  shown as a ty p ic a l example o f  t h i s  ty p e  o f  compound.
The n . m . r .  s p e c t r a  o f  t h e  compounds again s e rv e  t o  show t h a t  t h e r e  
had  b een  a  change i n  t h e  carbonyl group co n s isten t w ith  i t s  c o n v e rs io n  
t o  t h i o - c a r b o n y l .  The main changes e x p e c te d  in  the 1 -th io n e  s e r i e s  on 
rep la cem e n t  o f  0=0 by C=S would be  a  d o w n fiè ld  s h i f t  i n  t h e  o l e f i n i c  
a b s o r p t i o n s ,  and à  change in  t h e  ch em ica l s h i f t  v a lu e  o f  p ro to n  8 , which 
i s  a d j a c e n t  t o  t h e  f u n c t i o n a l  group . T h i s ,  in  f a c t ,  was o b se rv e d  in  t h e  
three c a se s , th e C=S group fu rther  d esh ie ld in g  proton 8 by approxim ately  
0 .3  p.p.m . No e f f e c t  on th e  gem-d im e th y l absorptions was e x p e c te d  o r  
observed.
In  t h e  2 -th io n e  s e r ie s ,  a g a in  an e f f e c t  was e x p e c te d  on t h e  o l e f i n i c  
proton s, but t h is  tim e the other grouping adjacent to  th e  Was th e  ' 
gem-d im e th y l  g ro u p .  In  con seq u en ce ,  a l a r g e  d o w n f ie ld  s h i f t  was o b se rv ed
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f o r  t h e  o l e f i n i c  p r o t o n s ,  and a l s o  a  p a ra m a g n e t ic  s h i f t  o f  a p p ro x im a te ly  
0 .2  p .p .m .  f o r  t h e  gem-d im e th y l  g roup .  The n . m . r .  s p e c t r a  showed t h a t  
o th e rw is e  t h e  m o lecu le s  w ere unchanged , b o th  in  t h i s  s e r i e s  and in  t h e
1 - t h i o n e s ,  and no Sîî bands w ere o b se rv e d .  - - • .
T ab le  l 4  shows t h e  changes in  t h e  n . m . r .  s p e c t r a  r e s u l t i n g  from t h e  
rep la c e m e n t  o f  c a rb o n y l  by  t h i o - c a r b o n y l ,  and t y p i c a l  s p e c t r a  f o r  t h e
1 - t h i o n e s  and 2 - th i o n e s  a r e  in c lu d e d  (Nos. l 6 and IT)»
Thus, a l th o u g h  th e  p r e s e n c e  o f  t h e  t h i o n e s  canno t be  p ro v ed  by 
a n a l y t i c a l  f i g u r e s ,  t h e  above s p e c t r a l  e v id en ce  i s  p ro b a b ly  t h e  o n ly  
s u i t a b l e  means o f  a n a l y s i s  i n  view o f  t h e i r  ex trem e i n s t a b i l i t y ,  and i s  
th o u g h t  t o  be  r e a s o n a b ly  c o n c lu s iv e .  .
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Table  l4
N .m .r .  s p e c t r a  o f  D ih y d ro - t r im e th y lo x o n a p h th a le n e s  and th i o - a n a lo g u e s
Compound Compound ' • ' -' ' '
Group T value Group T Value
1 1, 4 - 0 ihydro-4,  4 ,  5 
1 - t r î m e t hy l - l -  
' oxonaphtha1ene
O le f i n i c  proton 2 
Ol e f i n i c  proton 3 
Gem-dimethy1 
Ring methyl  
Aromatic proton 8
3 .63
3 .13
8.41
7 .36
1 .7-1 .9  (d.  o f  d . )
Thio analogue
0 l e f i n i c  proton 2 
O le f i n i c  proton 3 
Gem-dimethy1 
Ring methyl 
Aromatic proton 8
3 .47  
2.90  
8.42  
7 .3 6  
1 . 3 -1 .60  (d.ofd.)
1
1 4 ,  4 ,  6-Analogue | O le f i n i c  proton 2
*? O le f i n i c  proton 3
16sm~dimethy 1 
1 Î — ■*
1 iRing methyl
! 1 Aromatic proton 8
: 1
3 .60  
3 .10 ■ 
8 .50  -
7 .57
U 8 7 ( d . )
Thio analogue
01e f i n i c  protpn 2 
O le f i n i c  proton 3 
Gem-dimethyl 
Ring methyl 
Aromatic proton 8
3.42  
2". 90'
8 .49
7 .6 0
1.52 ( d . )
^  !O le f i n i c  proton 2 I 3 ,60 01e f i n i c  proton 2 3 .43
1 4 ,  4 ,  7-Ana 1ogue O le f i n i c  proton 3 4 3 .10 Thio analogue)0 ! e f i n i c  proton 3 2.69
Gem-dimethy1 8 .53
'
Gem-dimethy1 8 .52
Ring methyl 7 . æ iRing methyl 7 .57
Aromatic proton 8 1.98 ( b . s , )
.......... .......
Aromatic proton 8 1.63 ( b . s .  )
1 1, 2 - 0 ihydro -1, 1, 5, O le f i n i c  proton 3 3 .80 01e f i n i c  proton 3 2 . ( #
1- t r im et hy 1-2” ^ 01e f i n i c  proton 4 2.22 Thio analogue 01e f i n i c  proton 4 2 .52
' oxonaphthalane Gem-dimethy1 8 .52 Gem-dimethy1 8.37
Ring methyl 7 .52 Ring methyl 7.51
j 1Ol e f i n i c  proton 3 3.82 Ol e f i n i c  proton 3 3.00
1, 1, 6-Analogue
: ' - i O le f i n i c  proton 4 2 .57 Thio ana logue*01e f i n i c  proton 4 2 . 50
Gem-dimethyl 8 .56 ! Gem-dimethy1 8 .33
IRing methyl 7 .63 R i ng rnethy 1  ^ 7 . 62
I 1, 1, 7-Ana logue
1 01 ef  ini c  proton 4 2.57 (Thio ana 1ogue:01e f i n i c  proton 4 ' 2 .65
j I Gem-dimethy1 | 8 .53 5 1Gem-dimethy1 8 .33
I iRing methyl i 7 . 60 I I Ring methyl , 7 . 6 0
1
1 1, 1, 8-Analogue
1 ■
i j
I O le f i n i c  proton 3 ! 
1 O le f i n i c  proton 4'
3 .82
2.58
1 1
jThio ana logue: O le f i n i c  protons 2 . 65 -2 .9 5
1 I Gem-dimethy1 | 8 .42 • jGem-dimethy1 8 .22
(Ring methyl ( 7.41 i S Ring methyl 7 .32
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EXPERIMENTAL
I n f r a r e d  s p e c t r a  w ere determined f o r  t h i n  film s u n le s s  
o th e rw is e  s t a t e d ,  u s in g  a  F e rk in -E lm er  I n f r a r e d  237 in s t r u m e n t .  U l t r a ­
v i o l e t  s p e c t r a  w ere r e c o rd e d  w i th  a  Perkin-Elmer 137 s p e c t r o m e te r  and • 
w ere run  i n  e t h a n o l ,  u n le s s  o th e rw is e  s p e c i f i e d  (a in  p a r e n t h e s i s ) .  ■
N .m .r .  s p e c t r a  w ere r e c o rd e d  on a  Perkin-Elmer RIO 
s p e c t r o m e te r  (60 M e . / s e c . ) ,  as 5% s o l u t i o n s  in  d e u te r io c h lo r o fo r m  
ex ce p t w here  o t h e r  c o n d i t io n s  a r e  q u o te d ;  t h e  i n t e r n a l  r e f e r e n c e  was 
t e t r a m e t h y l s i l a n e . A b b re v ia t io n s  a r e  as fo l lo w s  -  b ,  b ro a d ;  s , s i n g l e t ;  
d ,  d o u b le t ;  t ,  t r i p l e t ;  q ,  q u a r t e t ;  m, m u l t i p l e t ;  c ,  complex. The mass 
spec trum  was d e te rm in e d  on an A .E . I .  MS 12 in s t r u m e n t .
Gas chromatograms w ere obtained u s in g  an F & M Model olO 
d u a l  colurmi in s t r u m e n t  w i th  a  flam e i o n i z a t i o n  d e t e c t o r .
Woelm n e u t r a l  a lum ina  ( A c t i v i t y  Grade l )  was u sed  f o r  column 
ch rom a tog raphy . S o lu t io n s  in  o rg a n ic  s o lv e n t s  w ere d r i e d  o v e r  MgSO^,
Preparation o f  1 ,  2- and 1 ,  3-D im ethyl-4-pyridones and t h e i r  T h io-A nalogues
P h t h a l a t e  o f  3-M ethyluyrid ine-N -oxide.— T h is  compound was p r e p a r e d  by a 
known m ethod^  ^ from 3-m ethylpyridine ( 6 .0  g ,  ) d isso lv ed  i n  an e t h e r e a l  
s o l u t i o n  o f  p e r p h t h a l i c  a c i d  contain ing a c t i v e  oxygen (2 g . ) . ^^ A f te r  
r e c r y s ta l l is a t io n  3-m ethylpyridine-N -oxide p h th alate  (12 g . , 68%) had  
m .p. 103° (f rom  e t h y l . a c e t a t e )  (Found: C, 6 l . l ;  H, 4 ,7 :  N, 5*0*
Cl4Hl3%0g r e q u i r e s  C, 6l.O ; K, 4 . 7 ;  N, 5*1%); v (N u jo l)  1700 (C=0 ) ,
l U c l X  #
1250  (N+0), and 865 cm .-l (N^G).
2-M ethyl-4-n itr o p y r id in e -N-o x id e .— This compound was prepared by two 
methods. ( a )  2-M ethyli)yridine was c o n v e r te d  i n t o  2-m ethylpyridine-N -oxide  
p h th a l a t e ^ ^  and n i t r a t e d  a c c o rd in g  t o  den I le r to g ;^ ^  (b) t h e  g e n e r a l  
method o f  O ch ia i^ ^  was u sed  f o r  t h e  conversion o f  2-m ethylpyridine i n t o  
th e  corresponding Nj-oxide, and f o r  t h e  su b se q u en t n i t r a t i o n ;  v (ïTujol) 
1515  (NO2 ) ,  1 2 7 0  (N^O), and 84$ cm j-l (N^O). The n»m.r. hpéçtrum. shows 
peaks'at T 7 .4 2  (3%, s ,  CHg) and 1 .5 -2 .2  (3%, c.m , aromatic p ro to n s).
2-Metliy 1 -  4-p y  r  i  don e Th i  s compound v as  p r e p a r e d  a c c o rd in g  t o  th e  
r e p o r t e d  method^^ from 2 - m e th y l -4 -n i t ro p y r id in e - ]T -o x id e  hy r e d u c t io n  to  
t h e  c o r re s p o n d in g  amino compound ( i r o n  p o w d e r /g l a c i a l  a c e t i c  a c i d ) ,  
fo l lo w e d  by d i a z o t i s a t i o n  and h y d r o l y s i s ,  2-M ethyl-4-pyridone s e p a r a t e d  
from c h lo ro f o r m - e th e r  i n  p a l e  y e l lo w  c l u s t e r s  o f  p r ism s  ( 75%), m .p.
179° ( l i t . ,25 m.p. 1 7 4 -1 7 4 .5 °); (N ujol) 3 ,500-2300 ( N H ) , 1630 -
.(r in g  s t r e t c h i n g ) ,  1500 (C=0), and 827 cm.“  ^ ( r i n g  CE o u t o f  plane  
d e f o r m a t io n s ) ;  (H2O) 255 my ( l 6 , 2 5 0 ) .  The n . m . r .  sp ec tru m  shows
peaks a t  T 7 .6 0  (3H, s ,  CH3 ) ,  3 .6 0  (IH , s ,  p ro to n  3 ) ,  3 .55  
(IH , d . o f  d ,  proton 5 ) ,  2 .3 0  (IH , d, p ro to n  6 ) and - 2 .5  ( lE ,  b ,  EH), 
i s , 6 , G'5 c . / s e c .
3~ M ethy l-4- p y r i d o n e .— 4 -A m in o -3 -m e th y lp y r id in e2 ?  was p r e p a re d  from
3 - m e th y lp y r id in e -N -o x id e ;  v  ^ (N u jo l)  165O (NE2 ) ,  and 8 3 0 'c m .^ l  —“ max. ■
( r in g  CH o u t  o f  p la n e  d e fo r m a t io n s ) ;  X (H^Oj 265 my ( 1 5 , 8 5 0 ) . '  The
n .m . r .  sp ec tru m  shows peaks at T 7 .8 8  ( 3H, Sg 'CHg), 5 .8 2  (2E, b , NE2 ) ,
3 .4 5  (IH, d ,  proton 5 ) ,  1 .84  (IH, d, proton 6) and 1 .82  (IH, s ,  p ro to n  2 ) ,
£.5^6^ 9 . 8  c . / s e c .  The amino compound was c o n v e r te d  t o  3 -m e th y l-4 ~ p y r id o n e
as i n  th e  fo r e g o in g  e x p e r i m e n t ;25 t h e  pyridone was ground th o ro u g h ly  w i th
benzene  b e f o r e  r e c r y s t a l l i s a t i o n  from aceton e, m .p . 9 7 ° ;  v (N u jo l)„ 9 _ max.
35OO-23OO (NH), 1645  ( r i n g  s t r e t c h i n g ) ,  I 5OO (C=0), and 829 cm .-^ (r in g  
CH o u t  o f  p la n e  d e f o r m a t io n s ) ;  (H2O) 260  my ( l 4 , 8 0 0 ) .  The n .m .r.
spec trum  shows peaks  a t  T 7*90 (3H, s , CH3 ) ,  3 .5 2  (IH , d ,  p ro to n  5)>
2 .3 0  ( 211, m, p ro to n s  2 and 6 ) ,  and 0 .1  (IH , b . s .  Nil), £ 5^6  ^ 8 .0  c . / s e c .
1 , 2 -D ira e th y l -4 -p y r id o n e .“—2 -M e th y l -4 -p y r id o n e  (3 g . )  was d isso lv ed  in  
a  warm s o l u t i o n  o f  sodium (O.6 5  g .  ) i n  d ry  methanol ( 7 .6  ml.), and c o e lp d  ' 
. . t o  room t e m p e r a t u r e .  D im ethyl s u l p h a t e , (3 .0 4  m l . )  was added dropwise 
w ith  shaking, and t h e  s o l u t i o n  r e f l u x e d  f o r  two h o u r s .  The so lu tio n  was 
c o o le d ,  25% aqueous sodium h y d ro x id e  s o l u t i o n  (6 . 7  g . ) added, t h e  m ix tu re  
evaporated t o  d ry n ess  and t h e  r e s i d u e  e x t r a c t e d  w i th  ch lo ro fo rm .  A f t e r  
d ry in g  and rem oving t h e  c h lo ro fo rm ,  a brown cru sty  s o l i d  rem a in ed .  Tiiis 
was e x t r a c t e d  w ith  b en zen e ,  and f i l t e r e d  h o t ,  when 1 , 2- d i m e t h y l - 4- p y r id o n e  
(2 .5 5  g . J  98%) was im m ed ia te ly  dep osited  i n  t h e  f i l t r a t e  i n  th e  form o f  
white c r y s t a l s ,  m.p, 1 3 5 .5 °  (from  b e n z e n e ) . '  S in c e  th is  compound was v e ry  
hygroscopic t h e  a n a ly t ic a l sample was p re p a re d  by an e v a p o r a t iv e  d i s t i l l a t i o n  
(Found: C, 6 7 .4 ;  H, 7 . 6 ;  N, 1 1 .0 .  CyiloNG r e q u i r e s  C, 6 8 .2 ; H, 7 . 3 ;  N, 11.4%).
In  view  o f  t h e  h y g ro s c o p ic  n a t u r e  o f  t h e  compound i t  was c o n s id e re d  t h a t  
t h e s e  r e s u l t s  w ere  a c c e p t a b l e ,  (N u jo l)  1642 ( r i n g  s t r e t c h i n g ) ,
1540  (C=0), and 821 cm.-^ ( r i n g  CH ou t o f  p la n e  d e f o r m a t io n s ) ;  X
(H2O) 259  my ( 1 5 , 6 5 0 ) ,  The n . m . r .  spectrum shows peaks  a t  T 7 . TO
(3H, s ,  C-CIÎ3 ) ,  6 . 3 7  (3H, s ,  N-CH3 ) ,  3 . 6 - 3 .9  (2H, m,- p ro to n s  3 and 5) ». ■ •
and 2 . 6 - 2 . 8  (IH , m, p ro to n  6 ) .
The p i c r a t e  was formed in  t h e  u s u a l  m anner, m.p. 229° (from
e t h y l  a l c o h o l )  (Found: C, 4 4 .0 ;  H, 3 .5 ;  N, I 5 . 8 . C13H12N4O8 r e q u i r e s
C, 4 4 .3 ; H, 3 .4 ;  N, 15.9%).
1 ,  3- D im e th y l -4- p y r i d o n e .—-This compound was p r e p a re d  i n  t h e  above
manner from 3 -m e th y l-4 ~ p y r id o n e  (3 g . ) ,  m e th a n o l ic  sodium m ethoxide
(0 . 6 5  g . sodium d i s s o lv e d  i n  7 . 6  m l, m e th a n o l ) ,  and d im e th y l  s u lp h a t e
I ( 3 .0 4  m l . ) .  The r e a c t i o n  m ix tu re  was worked iip a s  b e f o r e ;  a f t e r
e v a p o r a t iv e  d i s t i l l a t i o n  1 , 3-d im eth y l-4-pyridone was o b ta in e d  as a
y e l lo w  h y g ro sc o p ic  o i l  ( 2 .6  g . , 76%), b . p .  165° ( b a t h ) / 0 . 1  mm. (Found:
C, 6 8 .1 ; H, 7 . 6 ; N» 1 1 .3 . CyHgNO requ ires C, 6 8 .2 ; H, 7 .3 ;  N, 11.4%);
V (N u jo l)  l6 4 0  ( r i n g  s tr e tc h in g ) , I 5 6 O (C=0), and 824 cm.-^ ( r i n gmax.
CH o u t  o f  plane d e f o r m a t io n s ) ;  X (H2O) 267  my ( l6 ,2 0 0 ) .  The n . m . r .
sp ec tru m  shows T 7*97 (3H, s ,  C-CIÎ3 ) ,  6.34 (3H, s ,  N-CII3 ) , 3 .68
(IH,- d ,  proton 5 ) and 2 . 5 - 2 . 8 (2H, m, protons 2 and 6 ) ,  £ 5  5 8 .0  c . / s e c .
J  J
The p i c r a t e  c r y s t a l l i s e d  from eth a n o l, m.p. 215 .5° (Found:
C, 4 4 .0 ;  H, 3 .6 ; N, 1 6 .O. C13H12N4OQ r e q u i r e s  C, 44 ,3 ; H, 3 .4 ;  N, 15.9% ).
1-H e th y 1 -4- p y r id on e.— This was p r e p a r e d  in  e s s e n t i a l l y  th e same manner 
as t h e  fo r e g o in g  compound from 4-p yridone, sodium m ethox ide  end d im e th y l  
su lp h a te , b u t  a fte r  b a s i f i c a t i o n  t h e  r e a c t i o n  m ix tu re  was s team  d i s t i l l e d .  
No s t e a m - v o l a t i l e  m a t e r i a l  co u ld  be d e t e c t e d  in  t h e  d i s t i l l a t e .  The 
d i s t i l l a t i o n  r e s i d u e  was s a t u r a t e d  w i th  sodium ch lo r id e , t h e  p ro d u c t  
c o l l e c t e d  in  c h lo ro fo rm  and t h e  s o lv e n t  evaporated. The resid u e  (30%) 
s o l i d i f i e d  a t  room t e m p e ra tu r e  i n  c l u s t e r s  o f  l a r g e ,  cream-coloured  
h y g ro sco p ic  prism s, m.p. 8 8 ° ( l i t , , ^ ^  m.p. 8 9 ° ) .  In  view o f  t h e  low y ie ld ,  
t h e  aqueous l a y e r  re m a in in g  a f t e r  c h lo ro fo rm  e x t r a c t i o n  was-evaporated t o  
dryness , and t r i t u r a t e d  w ith  chloroform . A f te r  f i l t r a t i o n  and rem oval o f  
th e  s o l v e n t ,  a  f u r t h e r  amount o f  1-m e th y l -4 -p y r id o n e  was obtained as a 
c r y s ta ll in e  s o l id ;  th e  f in a l  y ie ld  was 9 0 %. 1645 (r in g  s tr e tc h in g ) .
I l l
1575 (C=0), and 855 cm.“  ^ ( r i n g  CK o u t  o f  p la n e  d e f o r m a t io n s ) .  The 
n . m . r .  spectrum shows T 6 .2 8  (311, s ,  IT-CH3 ) ,  3.64 (2H, d ,  p ro to n s  3 and 5 ) ,  
and 2 .6 5  (2H, d ,  p ro to n s  2 and 6 ) .  Jg 3 *7.0 c . / s e c .  £ 5 ^6  ^ 7 .0  c . / s e c .
1 , 2-D im ethyl-4- th io p y r idone .— Phosphorus pentasulphide (1 .2 5  g . )
was added t o  a  s o l u t i o n  o f  1 , 2-d im e th y  I p y r  i  don e;-( 0 ,5  g . )  i n  d ry  benzene  
(5 0  m l . ) ,  and t h e  m ixture r e f l u x e d  f o r  two h o u r s .  The s o lv e n t  was 
removed u n d e r  reduced p r e s s u r e ,  and t h e  r e s i d u e  a l lo w ed  t o  s t a n d  in  
c o n ta c t  w i th  a  c o n c e n t r a te d  s o l u t i o n  o f  ammonium sulphide f o r  30  m in.
The compound was extracted  w ith  c h lo ro fo rm  and t h e  s o lv e n t  removed a f t e r  
drying. 1 , 2-D im e th y l -4- th i o p y r id o n e  (0 .1 2  g . , 26%) s e p a r a t e d  from 
e th y l a lco h o l as y e l lo w  n e e d l e s ,  m .p . 1 7 1 .5 °  (Found; C, 6 0 .4 ;  H, 6 , 6 ;
H, 9 . 8 ; 8 , 2 3 .3 . CyHgNS req u ires C, 60 .4 ; H, 6 .5 ; N, 1 0 .1 ; 8 , 23.6% ); . -
V (N u jo l)  1620  ( r i n g  s t r e t c h i n g ) ,  IO85 (0 = 8 ) ,  and 825 cm.~4 ( r i n g  CH max.
o u t o f  p la n e  d e f o r m a t io n s ) ;  (H2O) 325.5  ( 2 3 ,9 5 0 ) ,  and 240 my
(9 , 2 2 5 ) . The n . m . r ,  sp ec tru m  shows pealis at T 7 .6 5  (3H, s , C-CH3 ) , 6 .27  
(3H, s ,  N-CHg), and 2 .6 -2 .8  (3H, m, a ro m a t ic  p r o t o n s ) .
1 ,  3-D im eth yl-4- t h i o p y r i d o n e .— T his  was p re p a re d  by  t h e  f o r e g o in g  
p ro c e d u re  from phosphorus p e n ta s u lp h id e  (1 .2 5  g . ) and 1 , 3-d im eth y l-4 -  
pyridone . (0 .4 5  g . ) d i s s o l v e d  in  d ry  benzene  (45 m l . ) .  The compound came
out o f  s o l u t i o n  as a  f l o c c u l e n t  p r e c i p i t a t e ,  b u t  d isso lv ed  on, h e a t i n g .
I , 3-Dimeth y l - 4- t h i o p y r  idone (O .1 7  g . , 30%) c r y s ta l l i s e d  as y e l lo w  
n e e d le s  from e th y l a l c o h o l ,  m.p. l6 9 .5 °  (Found: C, 60 .3 ; H, 6 . 5 ;  H, 9 .9 ;
8 , 2 3 . 1 . CyHgNS r e q u i r e s  C, 60 .4 ; II, 6 . 5 ;  N, 1 0 .1 ;  8 , 23.0%); (N u jo l)
1625  ( r i n g  s t r e t c h i n g ) ,  1103 (C=S) and 8 IO cm.“  ^ ( r i n g  CH o u t  o f  plane  
deform ations); X ' (H2O) 328 (2 3 ,9 0 0 ) , and 237.5 my (1 0 ,0 0 5 ) . The n .m .r.
sp ec tru m  showed peaks a t  T 7*70 (3H, s , C-CH3 ) ,  6 .1 8  (3H, s ,  N-CH3 ) ,  and
2 .4 -3 .0  (3H, m, a ro m a t ic  p ro to n s). •
l - M e t h y l - 4 - t h i  opyr id o n e ,—The compound was p r e p a re d  i n  20% y i e l d  by  t h e
above method and c r y s t a l l i s e d  from e t h y l  a l c o h o l  as  y e l lo w  p l a t e s ,  m .p . I 69
( l i t . ,  5*+ m .p .  161 - 163° ) ;  V (N u jo l)  1625  ( r i n g  s t r e t c h i n g ) ,  1113 (C=S),
. max. _
and 820  cm."^ ( rin g  CH o u t  o f  p la n e  d e f o r m a t io n s ) .  - . ' '  . .
- 1 1 2  -
P r e p a r a t i o n  o f  1 ,  6- ,  1 ,  T-» 1 ,  8 -D imethy l - 4- q u in o lo n e s  and 
C orrespond ing  T hio-A nalogues
D ie th y l /E th o x y m e th y le n e  MaI o n a t e .— T h is  compound v as  p r e p a re d  
a c c o rd in g  t o  t h e  method o f  D u ff in  and K e n d a l l , ^5 and d i s t i l l e d  as  a ;  
c o l o u r l e s s  o i l  (53%), h . p .  l l l ° / 0 . 5  mm., n_22 i . 4 6 o 3 ;  v  ^ 1725 (C=0),
. U  ■ U lc lX  #
1635  (C=c) and IO9 O cm .-l (C-O-C); X 343 (4 o ) , 329 (3 7 .5 ) ,  andmax.
243 my ( 1 0 ,2 5 0 ) .  The n . m . r .  spec trum  shows peaks  a t  T 8 .7 2  and 8 .70 
and 8 .6 3  (9K, 3 t ,  e th o x y c a rh o n y l  and ethoxy CH3 ) ,  5 .8 5  and 5*80 and
5 .7 5  ( 6h ,  3 q> e th o x y c a rh o n y l  and e th o x y  CI12) ,  and 2 .4 2  (IH , s ,  o le f in ic  
p r o t o n ) .
E th y l  2-E th o x y c a rh o n y l-3 -o - t o l u i d i n o a c r y l a t e .'—T h i s  was p r e p a r e d  as
described by  D u f f in  and K e n d a l l ^  ^ and was o b ta in e d  i n  q u a n t i t a t i v e  y i e l d
( l i t . 73%) a f t e r  c r y s ta l l i s a t io n  from l i g h t  p e t ro le u m  (b .p . 4 0 - 6 0 ° ) ,
m .p . 63°  ( i d e n t i c a l  w i th  l i t . ^ G ) ;  v (N u jo l)  168O (C=0), l6 4 0  (C=C)m ax.
1 6 2 0  (NH) 7 5 0  c m .- l  (r in g  CH out o f  p la n e  d e f o r m a t io n s ) ;  X _ ^  322
(2 3 , 2 0 0 ) ,  and 227  my (1 5 ,9 0 0 ). The n . m . r .  spec trum  shows peaks a t  
T 8 . 7 0  and 8 . 6 5  ( 6h ,  2 t , e th o x y c a rh o n y l  CIÎ3 ) ,  7.&5 (3H, s , r i n g  CII3 ) ,
5 .7 5  and 5 . 6 8  (4 h ,  2 q ,  ethoxycarhonyl 05%), 2 . 8 3  ( 4 li, n ,  a ro m a t ic  p r o t o n s ) ,
1 . 4 9  (IK , d, o l e f i n i c  p r o t o n ) ,  and -1 .5  ( lE ,  b , NH), 6 . 5  c . / s e c . ,
4 m ,C H , c . / s e c .
E th y l  2-E th o x y c a rb o n y l - 3 -p - t ol u i d in o a cr y la te T h is  was prepared  
according t o  D u ff in  and K e n d a l l . ^6 The compound r e f u s e d  t o  c r y s t a l l i s e  i n  
i c e ,  b u t  c r y s ta l l i s a t io n  occurred on im mersion in  dry i c e ,  g iv in g  c o l o u r l e s s  
n e e d le s  (70%,, l i t , , ^ ^  4l% ) ,  m .p . 48° .(from lig h t, petroleum , b .p . 3 0 -4 6 ° ) ;
V (N u jo l)  1680  (C=0), l6 4 0  (C=C), 1610  (NH), 805 and 8 l9  cm.""^ ( r i n g  max.
CH out o f p la n e  deform ations); X_ 322 (2 6 ,0 0 0 ) ,  224 my (1 5 ,5 C 0 ),  The 
n .m . r .  sp ec tru m  shows peaks a t  T 8 .6 8  and 8 .63  (6 li, 2 t ,  ethoxycarhonyl 
CH3 ) ,  7 . 6 8  (3H, s ,  ring-CH3 ) ,  5 .76  and 5 .70  (4H, 2q, ethoxycarhonyl CH2 ) ,  
2 . 7 - 2 .9 5  (4n , m, aromatic p ro to n s), 1 .53  (IH, d, o le f in ic  p ro to n ), and 
- 2 . 1  (IH, c . / s e c .  n . O  c . / s e c .
Ethyl 2 -E thôxycarbonyl-3-m -to lu id inb ac^ rylate.59n__!^ ;^ îs prepared '
according to  D uffin  and K endall's méthodes for  th e  above a c r y la te s . The
compound c r y s t a l l i s e d  as c o l o u r l e s s  n e e d le s  (53%), m .p . 4 l °  ( l i g h t  
petroleum b ,p .^ 4 0 -6 o °); (N u jo l)  1 6 9 O (C=0))l645 (C=C)> 1 6 2O--(Nil),max,
-  113 -
765 and 805 cm .^l (r in g  CH o u t o f  p la n e  d e f o r m a t io n s ) ;  320
( 2 7 , 1 0 0 ) ,  224 my (1 5 ,9 0 0 ) .  Tlie n . m . r .  spec trum  shows peaks  a t  T 8 .6 6  
and 8 .6 1  ( 6h ,  2 t ,  e th o x y c a rh o n y l  CH3) ,  7 .6 3  (3H, 5 , r i n g  CH3 ) ,  5 .74  
and 5 .6 8  (4 n ,  2 q ,  e th o x y c a rh o n y l  CH2 ) , ' 2 . 7- 3 .2  ' (4n ,  m, arom atic 'proton s), 
1 .4 8  (IH , d ,  o le f in ic  p r o t o n ) ,  and - 1 .5  (IH , b , NH), £ , » . ' 6 .0  c . / s e c . ,
—"blip Oil 3
W T 3 . 5  C . / s e c .  ’ ’
3-Ethoxycarbonyl-4-hydroxy-8-m eth ylq u in olin e . ^ 6— E th y l  2- e th o x y c a rb o n y l-
3 -n - t o l u i d i n o a c r y l a t e  ( l 2 .9  g . ) was c y c lise d  by g e n t ly  r e f l u x i n g  w i th  
"Dowtherm A" (90  m l . )  f o r  60 m in. ("Doirbherm A" i s  an e u t e c t i c  m ix tu re  o f ,  
d ip h e n y l  e t h e r  and. b i p h e n y l ) .  The s o l u t i o n  was c o o le d  and a l lo w ed  t o  
; s t a n d  f o r  8 hr. C olourless c r y s t a l s  d e p o s i t e d  which w ere removed by 
i f i l t r a t i o n .  The "Do\rbherm A" l a y e r  was c o n c e n t r a te d  under reduced 
p r e s s u r e ,  and f u r t h e r  c r y s t a l l i s a t i o n  o c c u r r e d  on c o o l in g .  The compound 
gave c o l o u r l e s s  n e e d le s  ( 9 .9 5  g . ,  91% l i t . ,36 77%), m .p . 272°
( l i t . ,36 m.p. 2 5 9 ° ) ;  (N ujol) 3240-3000 (NH, OH), I 7 OO (e s te r  C=0),
1620  (quinolone C=0), 1575 and 1540 (q u in olin e  r i n g  v i b r a t i o n s ) ,  and
775 cm.~l ( r i n g  CH o u t  o f  plane d e fo rm a t io n s ) ;  X (H2O) 312 (1 0 ,1 1 5 ) ,max.
247 (1 5 , 0 2 0 ) ,  and 230  my (2 3 ,7 0 0 ).
3-E th o x y c a rb o n y l -4-h y d ro x y -6- m e t h y lq u i n o l in e .— E th y l  2-ethoxycarbonyl-3-  
p _ - to lu id in o a c r y la t e  (1 3 .9  g . ) was c y c lise d  as in  t h e  previous p r e p a r a t i o n .  
The compound c r y s t a l l l i s e d  as  c o l o u r l e s s  n e e d le s  ( 9 .3  g . , 79%, l i t . ,36 55%), 
m.p. .'2 8 5 °  ( l i t . ,36 m.p. 268°); v (N ujol) 3110 (NH, OH), 1 6 9 O 
( e s t e r  C=0), I 615 (q u in o lo n e  C=0), I 560  and 158 5 and 1525 -
( q u in o l in e  r i n g  v i b r a t i o n s ) ,  and 8 10 and 820 cm."*'  ^ ( r i n g  CH c u t  o f  p la n e  
deform ations); X^^ (HgO) 310  ( 5 , 5 0 0 ) ,  255  (1 2 , 1 0 0 ) ,  and 215  my ( l 8 , 1 0 0 ) .
£^ [c lisa tion  o f  _Et]:p/:l 2-Ethoxycarbpnyl-3-m-to lu id in q a c ^
2 -ethoxycarbony1 - 3-im -tolu id inoacrylate (38 .4  g . )  was c y c l i s e d  as  above. The
m ix tu re  o f  isom ers (1 9 . 3  g .  6 2 %) c r y s t a l l i s e d  as m inu te  c o lo u r le ss  n e e d l e s ,
m.p. 284°; v 3100 (NH, OH), I 7 OO (e s te r  C=0), I 62O (quinolone C=0), 
max.
1590 . and . 1540  ( q u in o l in e  ring  v i b r a t i o n s ) ,  and 795 cm." .
( r i n g  CH o u t  o f  p la n e  d e fo r m a t io n s ) ;  X (H2O) 308 ( l 0 , 9 2 0 ) ,  251 (2 6 ,3 0 0 ) ,max «
and 231  my ( 2k,O5 0 ) .
114 -
4-"Hydroxy-8 -m eth2/ ' l q u in o l i n e - 3- c a r b o x y l i c  A c id .— 3 -S th o x y c a rb o n y l -4 -  
h y d ro x y -8- î ï ie th y lq u in o l in e  ( 9*8 g . )  was h y d ro ly s e d  by r e f l u x i n g  w i th  1 0 % 
aq, sodium hydroxide (lOO m l . )  f o r  1 h r .  The m ix tu re  was c o o le d ,  a c i d i f i e d  
w i th  10% h y d r o c h lo r i c  a c i d  and f i l t e r e d .  The p r e c i p i t a t e  was washed w i th  
w a te r  and  d r i e d .  The a c i d  (8 .7  g . ,  100%) s e p a r a t e d  from g l a c i a l  a c e t i c
a c i d  as  c o l o u r l e s s  n e e d l e s ,  m .p . 2 7 1 . 5° ( l i t . ,36 ^^i.p. 265° ) :  v
'  ■ max.
(N u jo l)  3 ,4 0 0 -2 ,2 0 0  ( a c i d  OK s t r e t c h i n g ) ,  I 7 1 O ( a c i d  C=0), 163O 
(q u in o lo n e  C=0), 1570 and I 5OO (q u in o l in e  r i n g  v i b r a t i o n s ) ,  and 78O cm.~^ 
( r i n g  Oil o u t  o f  p la n e  d e f o r m a t io n s ) ;  .312 ( l l , 1 5 0 ) ,  and 230 my
(3 9 , 0 0 0 ) .  The compound was to o  i n s o l u b l e  f o r  n . m . r .  d e t e r m in a t io n .
4-H ydroxy -6-m e th y lq u in o l in e -3-c a r b o x y l ic  A c id .— 3 -E th o x y c a rb o n y l-4 -
hydroxy-6-m eth ylqu inolin e (8 .5  g . )  was h y d ro ly s e d  as  above . The a c i d
(7#5 g . , 100%) c r y s t a l l i s e d  from g l a c i a l  a c e t i c  a c i d  as  c o l o u r l e s s  •. '•
n e e d l e s ,  m .p .  271 .5° ( l i t . ,36 m .p .  2 6 6 ° ) ; v (N u jo l)  3 ,4 0 0 -2 ,2 0 0
( a c id  on s t r e t c h i n g ) ,  I 7 OO ( a c i d  0=0 ) ,  I 625 (quinolone 0= 0 ) ,  1590  and
1515 ( q u i n o l i n e  r i n g  v i b r a t i o n s ) ,  and 818 cm,“"  ^ ( r i n g  CH o u t  o f  p la n e
d e f o r m a t io n s ) ;  X  ^ 303 ( 8 OOO), and 228 my (2 7 ,0 5 0 ) .max. '
M ix tu re  o f  4-Hydr o x y -5-m eth ylqu inolin e - 3- c a rb  o x y li c  A cid  and 
ï-Ih^droxyEY-m ethyla u in o lin e -3 -c arboxylic  A cid .— The m ixture o f  isom ers
o b ta in e d  p r e v io u s ly  by  c y c l i s a t i o n  o f  e th y l  2 -e th o x y c arb o n y l-3 ~ m -
t o l u i d i n o a c r y l a t e  (1 7 .0  g . )  was h y d ro ly s e d  as above . The a c i d  ( l5 * 3  g . ,
100%) c r y s t a l l i s e d  from g l a c i a l  a c e t i c  a c i d  as  s i l v e r y  l e a f l e t s ,  m .p . 255°
( l i t . ,39 m .p .  2 4 6 ° ) ;  (N u jo l)  3700-2100 ( a c i d  OH s t r e t c h i n g ) ,  1720
( a c id  0=0 ) ,  1645  (q u in o lo n e  0=0 ) ,  1625  and 1590  ( q u in o l in e  r i n g  v ib r a t io n s ) ,
and 790  ©m.~^ ( r i n g  OH o u t  o f  p la n e  d e f o r m a t io n s ) ;  X 305 (6 OOO), andmqx. ■
230 ]%y (2 2 , 0 0 0 ) .
4-Hy d roxy- 8-m e th y l  qu i n o lin e . — -  Hy dr oxy- 8 -m e th y l  q u i  n o l i n e - 3 - c  a rb  oxy 1 i  c
a c id  (9 .8  g . )  was d e c a rb o x y la te d  by re flu x in g  f o r  1 h r .  w i th  "Dowtherm A"
(2 0  m l . ) .  On c o o l in g ,  c r y s ta ls  d e p o s i t e d  w hich w ere f i l t e r e d  and  w ashed
w ith  l i g h t  p e t ro le u m  ( b .p .  4 0 -6 0 °) . The h y d ro x y q u in o l in e  (6 .1  g . , 80%)
os e p a r a t e d  from w a te r  as  c o l o u r l e s s  f e l t - l i k e  n e e d l e s ,  m .p . 215 .5  , '
( l i t . ,36 m.p. 211°); (N u jo l) '1 6 IO (C=0), 1550 &nd I 5IO. ' '
(q u in o lo n e  r i n g  v i b r a t i o n s ) ,  805 and 8 OO and 792 and 768 cm.*"^
( r in g  OH o u t  o f  p la n e  d e f o r m a t io n s ) ;  X^^^ (Hyp) 331 ( l l , 9 5 0 ) ,  318 (1 2 ,8 5 0 ) ,  
and 228  my (3 1 ,5 0 0 ) . The n .m .r . sp ectra  o f  the hydroxyquinolinesTcould not 
be r e c o rd e d  b e c a u se  o f  t h e i r  s o lu b i l i t y  c h a r a c t e r i s t i c s .
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4 -Hy d r  oxy- 6-ni e th y l  q u in o l i n e .— 4 -H y d ro x y -6 -m e th y lq u in o l in e -3 -c a rh o x y l ic  
a c i d  ( 9 .3  g . )  was d e c a rb o x y la te d  as above. The h y d ro x y q u in o l in e  (5 .3  g . ,
7.4%) c r y s ta l l is e d  from water as co lo u r le ss  n e e d le s , m.p. 2 3 8 °
( l i t . ,36 m .p . 230° ) ;  V . (iTujol) 3500-2200 (NH s t r e t c h i n g ) ,  l6 0 0 . (C = 0 ) ,
M c l u v  * ' .
1550  and 1490  (q u in o lo n e  r i n g  v i b r a t i o n s ) ,  83O and 822 and 815 and
812  c m . ( r i n g  CH o u t  o f  p la n e  d e f o r m a t io n s ) ;  X ^  (HyO) 321 ( 9 ,5 0 0 ) ,
235 ( 3 2 , 0 0 0 ) ,  and 2 1 2  my (2 1 ,3 0 0 ) .
4-H ydroxy-7- rn e th y lq u in o l in e .-—The m ix tu re  (1 6 . I  g . )  o f  4 -h y d ro x y -5 -  
m e th y lq u in o l in e - 3- c a r b o x y l i c  acid  and t h e  c o r re s p o n d in g  7-m e th y l - i s o m e r  
o b ta in e d  p rev iou sly  was d e c a rb o x y la te d  as d e s c r ib e d  in  t h e  fo r e g o in g
e x p e r im en t .  The separation o f  t h e  isom ers  was c a r r i e d  out. a c c o rd in g  t o
R oberts39  by means o f  b o i l i n g  b en z e n e ,  in  which t h e  7 -m ethyl-isom er i s  
i n s o l u b l e .  4-Hydroxy-7 m ethylquin o lin e  ( 9 . I  g . )  c r y s t a l l i s e d  from  w a te r  
as co lo u r less  n e e d le s , m.p. 225- 228°  ( l i t . ,39 m .p . 223 - 225° ) ;
(N u jo l)  3400-2200 (NH s t r e t c h i n g ) ,  I 615 (C=0), I 560 and I 505
(q u in o lo n e  r i n g  v ib r a tio n s ) and 8 l2  cm.“  ^ ( r i n g  CH o u t  o f  p la n e  deform ations)
^max. 3 2 6  (9 1 5 0 ) ,  314 ( 1 0 , 1 0 0 ) ,  230  (2 3 , 8 0 0 ) ,  and 215 my (2 5 , 6 0 0 ) .
The m a t e r i a l  so lu b le  i n  benzene was re c o v e re d  a fte r  rem oval o f  t h e  s o lv e n t  
and r e c r y s t a l l i s e d  f i r s t  from w a te r ,  and secondly from t o l u e n e ,  t o  g iv e  a 
c o l o u r l e s s  powder (0 . 2  g . ) ,  m.p. 197° ( l i t . ,39 m .p . 157 - l 60° ) ;  v 
(N u jo l)  1635 (C=0), 1615  and I 565  and 1520 (q u in o lo n e  r i n g  v i b r a t i o n s ) ,  and 
770 cm.~l (r in g  CH o u t  o f  plane d e fo rm a t io n s ) .  X ^  (hyO) 335 ( 8 ,5 0 0 ) ,
322 (1 0 , 1 0 0 ) ,  233 ( 2 5 , 3 0 0 ) ,  and 215 mw (2 3 ,0 0 0 ).
1 , 8 -D im e th y l-4 -q u in o lo n e .■— 4-H ydroxy-8 -m e th y lq u in o l in e  ( 5 .9  g . ) was
d isso lv ed  in  a warm, f r e s h l y  p r e p a re d  so lu tio n  o f  sodium ( 1 .2  g . )  i n  d ry
m ethano l ( l 4 . 6  m l . ) .  The s o l u t i o n  was c o o le d ,  d im e th y l  sulphate ( 5 .8  m l . )
added dropwise, and refluzœd for  2 h r .  A fter c o o l in g  25% aqueous sodium
h ydrox ide  (1 3 .2  g . ) was added , and  on s ta n d in g  an o i ly  l a y e r  s e p a r a t e d .
The m ix tu re  was extracted  with c h lo ro fo rm ,  th e  s o lv e n t  l a y e r  d r i e d ,  and th e
so lven t removed u nder  reduced  p r e s s u r e .  The r e s i d u a l  y e l lo w  o i l  (4 g . )
c r y s ta ll i s e d  on standing, and was red isso lv ed  in  b en ze n e .-O n .th e  ad d ition
• o
of a s m a l l  volume o f  l i g h t  p e t ro le u m  ( b .p .  40-60 ) 4-m ethoxy-8 -  
m ethylquinoline (0 . 8  g .,T 3% ) c r y s ta l l i s e d  as o ff-w h ite  prism s, m.p. 9 0 °
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(Found: C, 7 6 .3 ;  II, 6 .4 ;  H, 8 . 2 .  C nH nN O  r e q u i r e s  C, 7 6 .3 ;  II, 6 .4 ;
î'I, 8 .1% ); (N u jo l)  1580  and I 5IO ( q u in o l in e  r i n g  v i b r a t i o n s ) ,
1045  (C-O-C), and 830  and 812 and 805 and 775 cm.” .^ ( r i n g  CK o u t  o f  
p la n e  d e f o r m a t io n s ) ;  288 (6 ,4 5 0 )  and 226 my ( 5 8 ,5 0 0 ) .  The
n . m . r .  sp ec tru m  shows peaks a t  T 7 .20  (3H, b . s ,  C-CNj), 6 .0 0  (3%, s ,  N-CH3);
3 .3 0  ( iK ,  d ,  p ro to n  3 ) ,  2 . 4 - 2 . 8  (211, m, p ro to n s  6 and 7 ) ,  1 .95
, (IH , d . o f  d ,  p ro to n  5) and 1 .24  ( lE ,  d ,  p ro to n  2 ) ,  J 2 , 3, ^ .7 5  c . / s e c . ,
£ 5 , 6 , 8 .0  c . / s e c . ,  £ s y 7 j 2 .0  c . / s e c .  On f u r t h e r  a d d i t i o n  o f  l i g h t  
, p e t ro le u m  ( b . p .  40 -60°)  t o  t h e  m other l i q u o r ,  1 ,  8- d im e th y l - 4- q u ino lone  
(4 .5  g . , 70%) c r y s t a l l i s e d  as  o f f - w h i t e ,  h y g ro sc o p ic  p r i s m s , m .p . l 4 8 . 5 °  
(Found: C, 7 6 .0 ;  H, 6 .5 ;  N, 3 .3 .  CqiKqiNO r e q u i r e s  C, 7 6 .3 ;  K, 6 .4 ;
N, 8 .1% ); V (N u jo l)  I 625 (C=0) 1575 and 1510 (q u in o lo n e  r i n g '  . ' •i rn^ciix. • •
; v i b r a t i o n s ) , . and 81O and 8 OO and 765 cm.“  ^ ( r i n g  CE out, o f  p l a n e '
I d e fo rm a t io n s )  ; X^^^ (lyO) 339, 32.6 ( 12,290), and 232 my ( 2 8 ,9 2 5 ) .  The n . m . r .  
sp ec tru m  shows peaks a t  T 7*23 (3E, b . s . ,  C-CII3 ) , 6 .0 1  ( 311, s , N-CII3) ,
3 .8 0  ( i n ,  d ,  p ro to n  3 ) ,  2 . 6- 3 .0  ( 2E, m, p ro to n s  6 and 7 ) ,  2 .5 9
(IH , d ,  p ro to n  2 ) ,  and 1 .6 8  ( iH , d. o f  d ,  p ro to n  5 ) ,  £ 2 3  ^ 7*0 c . / s e c . ,
J 5 6 7 .5  c . / s e c . ,  J 5 7 2 .0  c . / s e c .
1 ,  6-  D im e th y l-4 -  qui no Ion e .— 4 -IIyd rox} '-6 -m e thy lqu ino line  ( 5 .2  g . ) ,  
d i s s o lv e d  i n  a s o l u t i o n  o f  sodium ( 1 .1  g . ) in  anhydrous m e th an o l ( l 3 m l . )  
was t r e a t e d  w ith  d im e th y l  s u lp h a t e  ( 5 .1  m l . )  under  t h e  c o n d i t io n s  
d e s c r ib e d  above . The y e l lo w  o i l  ( 5 .3  g . ) ,  o b ta in e d  a f t e r  a d d i t i o n  o f  25% 
aq .  sodium' h y d ro x id e  ( 1 1 .7  g . ) and e x t r a c t i o n  w ith  c h lo ro fo rm ,  s o l i d i f i e d  
on s t a n d i n g ;  c r y s t a l l i s a t i o n  from benzene gave 1 ,  6- d i m e t h y l - 4-q u in o lo n e  
( 4 ,1  g . ; 7 3%) as s l i g h t l y  d i s c o lo u r e d  p r i s m s ,  m .p . 108° ;  t h i s  compound was. . 
v e ry  h y g ro s c o p ic  (Found: C, 7 6 .2 ;  H, 6 . 6 ; N, 8 , 3 .  C nIInN O  r e q u i r e s  
C, 7 6 .3 ;  H, 6 . 4 ;  N, 8 .1% ); (N u jo l)  l6 4 0  (C=0), l 6 l 2  and I 585 and 1555
(q u in o lo n e  r i n g  v i b r a t i o n s ) ,  and 824 and 8o4 cmc”  ^ ( r i n g  Cli o u t  o f  p la n e  .
d e f o r m a t io n s ) ;  X^  (II2O) 326 (1 1 ,9 0 0 ) ,  and 238 my (3 3 ,2 0 0 ) ,  The n .m . r .  
spec trum  shows peaks  a t  T 7*55 ( 3K, b . s ,  C-CH3 ) ,  6 .2 6  (3H, s ,  II-CÎI3 ) ,
3 .7 7  ( IH , d ,  p ro to n  3 ) ,  2 .4 -2 .8 5  (3H, m, p ro to n s  2 ,  7 and 8 ) ,  and 1^75
( iK j-b .s - ,  p r o to n  5 ) ,  £ 2 ^ 3  ^ 8-.0 c . / s e c .  ' • ' . ' . ’
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1 ,  7-D i i^ e th y l -4-q i i in o lo n e  .——A f te r  r e a c t i o n  o f  4 -hydroxy-7-m eth .y l 
q u i n o l i n o l i n e  (3*8 g . ) ,  m e th a n o l ic  sodium m ethoxide  ( p r e p a r e d  from
0 .8  g .  o f  sodium and 9*6 m l.  o f  m e t h a n o l a n d  d im e th y l  s u lp h a t e  
(3*7^ m l . )  i n  th e  fo re g o in g  m anner, fo l lo w e d  by b a s i f i c a t i o n  w i th  
25% aq .  sodium h y d ro x id e  ( 8 .6  g . )  and e x t r a c t i o n  w i th  c h lo ro fo rm ,
1 ,  7-d im e th y 1 -4-q u in o lo n e  (2 .3 5  g . , 57%) s e p a r a t e d  from e th a n o l  as 
c o l o u r l e s s  d e l iq u e s c e n t  c u b e s ,  m.p. 2 0 3 .5 °  (Found: C, 7 6 .0 ;  H ,6 . 4 ;
N, 8 . 1 .  GiiBqiHO r e q u i r e s  C, 7 6 .3 ;  H, 6 .4 ;  N, 8 .1% ); v (N u jo l)
1635 (C =0), 1615  and I 5 8 O (q u in o lo n e  r i n g  v i b r a t i o n s ) ,  and 815  and 
810  cm ." l ( r i n g  CII o u t  o f  p la n e  d e f o r m a t io n s ) ;  X (hyO) 333 
( 1 1 , 9 6 6 ) ,  321  ( 1 3 , 1 0 0 ) ,  and 235 my ( 2 4 ,7 6 6 ) .  The n . m . r .  spectrum  
shows peaks a t  T 7 .5 0  (3H, b . s ,  C-CII3 ) , 6 .2 6  (3H, s ,  N-CH3 ) , 3 .83  
( iH ,  d ,  p ro to n  3 ) ,  2 .8 9  (iH , b . s ,  p ro to n  8 ) ,  2 .8 3  (IH , b .d , proton 6 ) ,
2 . 5 7  (IH, d, proton 2 ) and I .6 9  (IH, d, proton 5 )» 8 . 0  c . / s e c . ,
6 J 8 ,^  c . / s e c .
1 ,  8-D im eth yl-4-th io q u in o lo n e .— Phosphorus p e n ta s u lp h id e  (0 .3  g . ) 
was added t o  a  s o l u t i o n  o f  1 , 8-d im ethyl-4-qu inolone ( 0 .4  g . ) i n  anhydrous 
x y le n e  (29 m l . )  and th e  m ix tu re  r e f lu x e d  f o r  5 h r .  A f te r  rem oval o f  
th e  s o lv e n t  under re d u c e d  p r e s s u r e  a  c o n c e n t r a t e d  s o l u t i o n  o f  ammonium 
s u lp h id e  was added t o  th e  r e s i d u e ,  and th e  m ix tu re  a l lo w e d  t o  s ta n d  
o v e r n ig h t .  The p ro d u c t  was c o l l e c t e d  i n  chloroform and th e  o rg a n ic  
layer  dried  and evaporated. 1 ,  8-D im ethyl-4-th io g u in o lo n e  (0 .2 7  g . , 6l%) 
c r y s ta l l i s e d  from e th a n o l  as o ra n g e -y e l lo w  n e e d le s , m .p . 171° (Found:
C, 6 9 . 7 ; 'H, 5*9; N, 7 . 8 ; 8 , 1 7 . 1 . CiiNiiNS requires_C , 7 O.O; E, 5 .8 ;
N, 7 . 4 ;  S , 1 7 . 0%); V (N u jo l)  1610  and 1595 and 1550 (th ioqu inolon eL. max.
ring v i b r a t i o n s ) ,  IO9 O (C=S), and 8 OO and 792 and 750 cm.“  ^ (r in g  CII o u t
o f  plane deform ations); X 4o3 (17 ,400)  and 235 my ( 2 7 ,0 0 0 ) .  Themax.
n .m . r .  spectrum shows peaks  a t  T 7*24 (3H, b . s ,  C-CK3 ) ,  5 .95  (3H, s ,  N-CK3 ) ,  
2 . 8 9  ( i n ,  d ,  p r o to n  3 ) ,  2 . 6- 2 . 8  ( 3H, c.m, protons 2 , 6 and 7 ) and 1 . 0- 1 . 2  
( i l l ,  d .  o f  d ,  p ro to n  5) s £2  J 3 7 c . / s e c .
1 , 6-Dimethy 1 -4-th io q u in o lo n e .— I n  th e  same manner, r e a c t i o n  o f  
1 , 6-d im eth y l-4-qu inolone ( l  g .)  w ith phosphorus pentasu lphide (2  g . ) in  
dry xylene (7 1  m l .) ,  fo llow ed  by the usual working-up procedure gave
-  x ± o
1 ,  6- d im e th y l - 4- t h i o q u i n o l o n e , w hich s e p a r a t e d  from e th a n o l  as o range 
n e e d le s  (O .?  g . ,  63%), m .p . l 8 3 . 5 °  (Found: C, 6 9 .7 ;  %, 6 . 1 ;  N, 7 . 4 ;
S, 1 7 .0 . CiiHiiNS requires C, 7 0 .0 ; E, 5 .8 ;  N, 7 .4 ;  S , 17.0% ), v ^\ • max.
(N u jo l)  1595 and 1525 ( th io q u in o lo n e  r i n g  v i b r a t i o n s ) ,  1105 (C=S) and
802 c m . (r in g  CH out o f  p la n e  d e fo rm a t io n s ) ;  X 410 (2 0 ,9 0 0 ) , 275• ■ max. ' ' • .
( 7 , 4 2 5 ) and 230  my ( 3 6 , 6 0 0 ) .  The n . m . r .  spectrum shows peaks  a t  
T 7 .5 3  (3H, b . s ,  C-CÏÏ3 ) ,  6 .1 5  (3H, s ,  N-CH3 ) ,  2 .84  (IH , d ,  p r o to n  3 ) ,
2 .7 1  ( i n ,  d ,  proton 2 ) ,  2 . 4 - 2 .7  (2E, m, protons 7 and 8 ) ,  and 1 .3
(IH , b . s ,  p ro to n  5 ) ,  £2  3 7 c . / s e c .
1 , 7-D tm e th y l -4- t h i o q u i n o l o n e .— This compound was prepared i n  52% 
y i e l d  from 1 , 7 -d im e th y l -4 -q u in o lo n e  by th e  above m ethod, and s e p a r a t e d
from e th a n o l  as  y e l lo w  n e e d l e s ,  m .p . 199° (Found: C, 6 9 . 9 ; H, 6 ,0 ;
N, 7 .2 ;  S , 1 7 . 1 . C11E11N8 requires C, 7 0 .0 ; E, 5 . 8 ; .N, 7 .4 ;  8 , 17.0%); .
^nax (H a jo l)  162O and 16OO ( th io q u in o lo n e  r i n g  v ib r a t io n s ) , I I 67 o r  
1100 (C=S), and 825 cm,~^ ( r i n g  CH o u t  o f  p la n e  deform ations); Xmax,
4o8 ( 2 0 , 7 4 0 ) and 232 my (3 2 ,5 0 0 ) .  The n . m . r .  spectrum shows peaks  a t  
T 7 . 5 1  (3E, b . s ,  C-CH3 ) ,  6 . 1 7  (3H, s ,  N-CE3 ) ,  2 .75 (4E, c.m , protons 2 ,
3, 6 and 8 ) ,  and I . I 9 (IH , d ,  p ro to n  5 ) .  ,
P r e p a r a t i o n  o f  1 ,  6- ,  1 ,  7 - ,  and 1 ,  8 -D im eth y l-2 -q u in o lo n es and t h e  
Corresponding Thioquinolones
6-1' le t  hy 1 qui n o l i n e - N-o x  i  d e . —-Th i  s was p r e p a re d  a c c o rd in g  t o  C olonna .5^
I t  was found p r e f e r a b l e  t o  r e c r y s ta l l i s e  t h e  r e a c t i o n  p ro d u c t  from 
benzene rather than t h e  s u g g e s te d  l i g h t  petroleum; 6-m e th y lq u in o l in e -N -  
' oxide (8 1 %) gave w hite f e l t e d  n e e d l e s ,  m.p. 75° ( l i t . , 5^ m .p . 6 5 ° ,  ' ‘ « 
l i t . ,55 in .p . 7 5 ° ) ’; V . (N u jo l)  I 58O ( q u in o l in e  rin g  v i b r a t i o n s ) ,  and 
1272  and 8 5 0  cm .-l (N^G); X 336 (7 ,1 2 0 ) , 323 (7 ,8 0 0 ) , and 233 my 
(5 0 , 5 0 0 ) .  The n . m . r .  spectrum shows peaks a t  T 7*46 (3H, b . s ,  C-CIÎ3 ) ,  
2 . 15 - 2 .9  ( 3H, m, p ro to n s  3 , 4 and 7 ) ,  2 .36  (IH , b . s ,  p ro to n  5 ) ,  1 .5  
( iH , d ,  p r o to n  8 ) ,  and 1 .4  ( I E , d ,  p ro to n  2 ) .
6-M ethyl-2-q u in o lo n e .— This was prepared according t o  M o n ta n a r i ,^ 9  ^ i t h  
th e  f o l l o w i n g - m o d i f i c a t i o n s ,  6-H eth y l-q u in o lin e-N -o x ide ( 4 . 7 . g ..) and . - 
a c e t i c  an h y d r id e  (47 m l . )  were reflu xed  for  2 h r .  and c o o le d .  The dark
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s o l u t i o n  was p o u red  on to  a l a r g e  volume o f  c ru sh e d  i c e ,  and s t i r r e d  
f o r  3 h r . ,  d u r in g  which tim e  th e  c o lo u r  t u r n e d  g re e n .  Powdered 
sodium c a rb o n a te  was added u n t i l  gas e v o lu t io n  c e a se d .  The r e s u l t i n g  
s o l i d  was c o l l e c t e d  by  f i l t r a t i o n ,  and th e n  th o ro u g h ly  tr itu r a te d  
w ith  e t h e r .  A f t e r  removal o f  t h e  s o l v e n t ,  th e  r e s id u e  c o u ld  riot be 
in d u c ed  t o  c r y s t a l l i s e  ( c f .  l i t . , ^ 9 ) ,  F r a c t i o n a l  d i s t i l l a t i o n  a t  
0 .5  imzi. removed low b o i l i n g  m a t e r i a l ;  t h e  d i s t i l l a t i o n  r e s id u e  
s o l i d i f i e d  and was r e c r y s t a l l i s e d  from aqueous a c e t i c  a c i d  from which 
th e  compound s e p a r a t e d  as c o l o u r l e s s  n e e d le s  ( 1 , 2  g . ,  2 5 %), m .p. 244°
( l i t . ,49 m.p. 237°); (N ujol) 2900 (Nh), 1665  (C=0), 1 6 1 O and
1570  (q u in o lo n e  r i n g  v i b r a t i o n s ) ,  and 8 IO cm."^ ( r i n g  CII o u t  o f  p la n e  '• •
R e f o r m a t io n s ) ;  336 ( 6 ,7 5 7 ) ,  27O ( 8 ^0 0 7 )., and 232 my ( 5 1 , 1 0 6 ) .
'The n .m .r. spectrum shows peaks a t  T 7 .6 0  (3H, b .s ,  C-CH3 ) ,  3 .3 0  
(IH , d ,  p ro to n  3 ) ,  2 .2 5  ( iH , d , proton 4 ) ,  2 . 6 6  ( 3H, s , p ro to n s  5 ,  7 and 8 ) ,  
and - 1 . 6  (IH , b , NE), £ 2 ^ 3  ^ 6 .5  c . / s e c .
1 , 6- D im e th y l -2- q u in o l o n e .—-(a) This was p rep a red ,  from th e  above compound 
(1 . 2  g . ) i n  an i d e n t i c a l  manner t o  t h a t  d e s c r ib e d  e a r lie r  fo r  the  
p r e p a r a t i o n  o f  1 , 6- d im e th y l -4 - q u in o lo n e . The p ro d u c t  c r y s ta l l i s e d  from 
b e n z e n e - l i g h t  p e t ro le u m  ( b .p .  60 - 80° )  as p in k  n e e d le s  ( 0 .5  g . , 35%), 
m .p . 84° ( l i t . ,53 m .p . 8 4 -8 5 ° ,  l i t . ,4?  m.p. 9 0 ° ) .
( b )  A procedure i n  O r g a n i c  S y n t h e s e s , 59 d e s c r i b i n g  t h e  preparation
o f  lN m e th y l-2 -p y r idone  was a d a p te d ,  u s in g  6-methyIquino1ine (lO g . ) ,
d im e th y l  s u lp h a t e  (6 .7  m l . ) ,  aqueous p o ta s s iu m - f e r r i c y a n i d e '  (46 g /  -
d i s s o lv e d  in  92 m l.  o f  w a t e r ) ,  and a  so lu tio n  o f  sodium hydroxide ( I I .6  'g .)
i n  w a te r  (19»5 m l . ) .  D is t i l la t io n  o f  th e  product (1 5 .4  g . )  gave a
fr a c t io n , b . p ,  1 54-158°/0 ,8  mm. which s o l i d i f i e d ;  1 , 6-d im eth y l-2-quinolone
was is o la te d  from t h i s  by c r y s ta l l i s a t io n  from l i g h t  p e t ro le u m  ( b .p .  4 0 -6 0 °) ,
and gave c o l o u r l e s s  n e e d le s  (6 .4  g . ,  53%), m .p. 91° ( l i t . ,4?  m .p.' 90° ) ;
4 u x  ( ^ u j o l )  1650  (C=0), 1590 and 1570 (q u in o lo n e  r i n g  v i b r a t i o n s )  and
810  cm.~l ( r i n g  CH o u t o f  plane d e f o r m a t io n s ) ;  X  ^ 338 (9 ,2 6 o ) , 272
. . .  • max. - .
(1 1 , 9 6 0 ) ,  and 233 my (9 0 ,0 0 0 ) .  Tlie n .m . r .  sp ec tru m  shows peaks ' a t • T .7 .5 9
(3E, b . s ,  C-CE3 ) ,  6 . 3 0  (3E, s ,  N-CE3 ) ,  3 .33  (lE , d, proton 3 ) ,  2 .66  
(3H, b .s ,  protons 5 ,  7 and 8 ) and 2 .39  (IH , d, proton 4 ) ,  £ 3 R^ 8 c . / s e c
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1 ; T- D im e th y l - 2- q u i n o l o n e .— T his  was p r e p a r e d  a c c o rd in g  t o  a  
p ro c e d u re  d e s c r ib e d  by S p a th 53 f o r  th e  an a lag o u s  1 ,  6-isom er. Dimethyl 
s u lp h a t e  (lO g . )  was added t o  a s o l u t i o n  o f  7 - r a e th y lq u in o l in e  (lO g . )  
in  anhydrous benzene (45 m l . )  w i th  o c c a s io n a l  s h a ld n g ,  and a f t e r  3 h r .  
a t  room te m p e ra tu re  t h e  c r y s t a l l i n e  m e th o s u lp h a te  was c o l l e c t e d  i n  
w a te r .  P o ta s s iu m  ferricy a n id e  (43 g . )  d i s s o lv e d  in  h o t  w a te r  (90 m l . )  
was m ixed w i th  a s o l u t i o n  o f  p o ta ss iu m  h y d ro x id e  (27  g . )  i n  w a te r  
(55 m l . ) .  The combined s o l u t i o n  o f  r e a g e n t s  was added w i th  e f f i c i e n t  
s t i r r i n g  t o  t h e  aqueous s o l u t i o n  o f  t h e  m ethosulphate a t  0 -5 ° . T his 
a d d i t i o n  p ro v e d  e x c e e d in g ly  t ro u b le so m e  b e ca u se  t h e  r e a g e n t s  
c r y s t a l l i s e d  i n  th e  s e p a r a t i n g  f u n n e l .  The rea ction  product was c o l l e c t e d  
in  e t h e r ,  d r i e d  and e v a p o ra te d .  The c re a m -c o lo u re d  r e s i d u e . w a s " 
r e c r y s t a l l i s e d  from a  m ix tu re  o f  benzene ( l  p a r t )  a n d ' l i g h t  petroleum  
( b .p .  80 - 100° ,  9 p a r t s )  from w hich i t  s e p a r a t e d  as p a l e  y e l lo w  n e e d le s , 
m .p. 107° ( l i t . ,56 1 0 7 -1 0 8 ° ) .  An n . m . r .  sp ec tru m  o f  t h i s  m a t e r i a l  
r e v e a l e d  an im p u r i ty ,  and t h e  p ro d u c t  was t h e r e f o r e  r e c r y s t a l l i s e d  from 
t h e  same s o lv e n t  m ix tu r e ,  which r a i s e d  t h e  m.p. o f  t h e  compound ( 60%) 
t o  111°; V ^  (N ujol) l6 4 6  (C=0), 1595 (q u in o lo n e  r i n g  v i b r a t i o n s ) ,  and 
842 cm.“  ^ ( r i n g  CH ou t o f  p la n e  d e fo rm a t io n s ) ;  330 ( 6 , 9 6 0 ) ,  276
( 6 , 9 6 0 ) ,  and 231  my ( 4 l , 9 0 0 ) .  The n . m . r .  spectrum shows peaks a t  T 7 ,4 9  
(3H, b . s ,  C-CH3 ) ,  6 .32  (3H, b . s ,  N-CH3 ) ,  3 .38  (1H, d , proton 3 ) ,  2 .9 6
(IH , d . o f  d ,  p ro to n  6 ) ,  2 .85  (IH , b . s ,  p ro to n  8 ) ,  2 .5 8  ( iH ,  d, p ro to n  5 ) ,
and 2 ,4 o  ( i l l ,  d ,  proton 4 ) ,  4  ^ 9*7 c . / s e c . , -  £ 5 ^6  ^ 8 .3  c . / s e c . ,
£ 5 j 8 j 2 .0  c . / s e c .  _ . . £
1 ,  8-D im eth yl-2- g u i n olon e .— T his  compound was o b ta in e d  i n  36% y i e l d  
from 8-m e th y lq u in o l in e  by method (b) d e s c r ib i n g  t h e  p r e p a r a t i o n  o f  t h e  
1 ,  6- i s o m e r .  I t  s e p a r a t e d  from e t h e r  as  co lo u r le ss  prism s, m .p . 101°
( l i t . ,57 cm p .  1 0 0 ° ) ;  v _ (N u jo l)  165O (C=0), I 585 end 1570 (q u in o lo n e  
r i n g  v i b r a t i o n s ) ,  and 835 cm.“  ^ ( r i n g  CH o u t  o f  p la n e  d e f o r m a t io n s ) ;
^max ( 4 , 8 9 0 ) ,  278  (8 2 5 0 ) ,  and 235 (4 8 ,9 0 0 ) . The n .m .r. spectrum
shows peaks  a t  T 7 ,28 (3K, b . s , C-CH3 ) , 6 .19  (3H, s', IT-CH3 ) ,  3 .34  .
(IH, d , proton 3 ) ,  2 . 5- 3 . l  ( 3H, m, protons 5 , 6 and 7 );  2.39' ( lE , d , proton L)
£ 3 , 4  ^ 9 .7  c . / s e c .
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1 ,  6-Dimet h y l - 2- t l i io q u in o lo n e  .——The method used, was s i m i l a r  t o  t h a t  
d e s c r ib e d  f o r  t h e  p r e p a r a t i o n  o f  1 ,  8 - d im e th y l - 4 - th io q u in o lo n e .  In  
o r d e r  t o  remove any f r e e  s u lp h u r ,  t h e  r e a c t i o n  p ro d u c t  was d i s s o lv e d  
i n  a c e to n e  and f i l t e r e d .  The a c e to n e  was e v a p o ra te d ,  and t h e  g reen  ' 
s o l i d  r e s id u e  was r e c r y s t a l l i s e d  from e th a n o l  ( c h a r c o a l ) ;  1 , 6 -d im ethyl-
2 - th io q u in o lo n e  was o b ta in e d  in  46% y ie ld  as g r e e n i s h  yellow  n e e d l e s ,  
m .p . 137° ; V (N u jo l)  l6 lO  and 1570 (thioquinolone r i n g  v i b r a t i o n s ) ,  
1090  (C=S) and 808 and 815 cm.~^ ( r i n g  CH out o f  plane d e f o r m a t io n s ) ;
^max. 3G5 ( 1 5 , 2 5 0 ) ,  2 OO ( 2 7 , 3 0 0 ) ,  and 219 my (4 9 ,0 0 0 ). The n .m .r. 
sp ec tru m  shows peaks a t  T 7 . 5 6  ( 3H, s ,  C-CH3 ) ,  5 .7 3  (3H, s ,  N-CH3 ) ,
2 .64  ( i n ,  d ,  p r o t o n - 3 ) ,  2 . 4 - 2 .7  (3H, m, p ro to n s  5 ,  7 a n d .8 ) ,  and 2 .3 6  '
( i l l ,  d ,  p r o to n  4 ) ,  £3  ^ 9*0  c . / s e c .
I '  ^
1 , 7- Dime t h y l - 2- t h i o qui n o lo n e .— The above method y/as u sed  f o r  t h e
preparation o f  1 , 7 -d im eth y l-2- t h io q u in o lo n e  (7 5%) which c r y s ta l l i s e d
from e t h a n o l  as y e l lo w  n e e d l e s ,  m.p. l4 0 °  (Found: C, 6 9 .7 ; H, 5*9;
N, 7*2; 8 , 1 7 . 1 . C11H11N8  req u ires C, 7 0 .0 ; H, 5 . 8 ; N , 7*4; 8 , 17.0%);
u (N u jo l)  1625  and 1608 and 1555 (thioquinolone r in g  " v ib r a t io n s ) , 1092max * '
(C=S), and 838  cm.“ * ( r i n g  CH o u t  o f  p la n e  d e f o r m a t io n s ) ;  380
(1 7 , 0 0 0 ) ,  277  ( 3 0 , 6 0 0 ) ,  and 220 my ( 6 l , 2 0 0 ) .  The n . m . r .  sp ec tru m  shows 
peaks at T 7 .46  (3H, b . s ,  C-CH3 ) ,  5 .72  (3H, s ,  N-CH3 ) ,  2 .86  
(IH , d . o f  d, proton 6 ) ,  2 .72  ( iH ,  d ,  p ro to n  3 ) ,  2 .5 6  (IH , d ,  p ro to n  8 ) ,
2 .5 0  "(lH, d ,  p ro to n  5 ) ,  and 2 .39  (1H, d, p ro to n  4 ) ,  £ 3^ 9 . 0  c . / s e c . ,  
£.6 ,85  1 ‘5 c . / s e c . ,  £ 5^ 6  ^ 8 .0  c . / s e c .
1 ,  8 - Dimet h y l - 2 - t h i o q u i n o l o n e .— For t h is  p r e p a r a t i o n  se e  1 ,  6- d im e th y l -  '
2 -th ioq u in o lon e. 1 ,  8-D im ethyl-2-th ioq u in o lon e (55%) c r y s t a l l i s e d  from 
e th a n o l  as c lu s te r s  o f  y e l lo w  n e e d le s , m .p . 98°  (Found: C, 69 .7 ; H, 5*7;
N, 7 .4 ;  8 , 1 7 . 0 . C11H11N8 requires C, 7 0 .0 ;  H, 5*8; N, 7 . 4 ;  8 , 17 .0% );
V (N u jo l)  1613  and 1565 (thioqnnolaie m n g v i b r a t i o n s ) ,  I IO 5 (C=8 ) and
760  cm ." l ( r i n g  CH o u t  o f  p la n e  d e fo rm a t io n s ) ;  X 380 ( l2 ,4 0 0 ) ,  282ÎÏIcUaI •
( 2 7 , 6 0 0 ) ,  and 223 my (4 3 ,7 0 0 ) .  The n . m . r .  spectrum shows peaks a t  
T 7 . 2 8  (3H, b . s ,  C-CH3 ) ,  5 . 8 0  (3H, s ,  N-CH3 ) ,  2 .6 l  (IH, d , protbm 3 ) ,
2 .4 -2 .9 5  ( 3H, c .m , protons 5» 6 and 7 ) ,  end 2 .39  (IH , d ,  p ro to n  4 ) ,
£ 3^4  ^ 9*0  c . / s e c .
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P r e p a r a t io n  o f  1 ,  5-D im e th y l-2-q u in o lo n e  and i t s  Thio-A nalogue
4-M e th y l -2- n i t r o b e n z o n i t r i l e ,—T he b e s t  r e s u l t  was o b ta in e d  when th e
method o f  ITiementowski^^ ^ a s  m o d if ie d  in  t h e  f o l lo w in g  r e s p e c t s :
(a )  t h e  amine h y d ro c h lo r id e  was formed by g r a d u a l  a d d i t i o n  o f
c o n c e n t r a t e d  h y d r o c h lo r i c  acid  t o  th e  am ine , fo l lo w e d  by d i l u t i o n
w ith  w a te r  t o  t h e  s t i p u l a t e d  c o n c e n t r a t i o n ;  (b) t h e  d i a z o t i s a t i o n  was
c a r r i e d  o u t  a t  0 . The p ro d u c t  was r e c r y s t a l l i s e d  from e th a n o l
( c h a r c o a l )  from which i t  s e p a r a t e d  as  p a l e  y e l lo w  n e e d le s  (45%),
m .p . 100° ( l i t . ,58 m .p . 101°; l i t . ,59 m .p . 9 6 ° ) ;  v (N u jo l)  2235
(ChN), 1525 (NO2 ) ,  and 84o cm.~^ ( r i n g  CH o u t  o f  p la n e  d e f o r m a t io n s ) ;
X  265 my ( 5 2 7 0 ) .  The n .m . r .  spec trum  shows peaks  a t  T 7 * 4 l  max* £
(3H, B, CH3 ) ,  2 . 3 2  ( iH , d .  o f  d, proton 5 ) ,  2 .1 2  (IH , d ,  proton 6 ) ,  and
1 . 7 9  (IH , b ,  p ro to n  3)', £ 5 , 6 , 9*0 c . / s e c . ,  £ 3 R ^  2 . 0  c . / s e c .
Reduction o f  4-M e th y l -2- n i t r o b e n z o n i t r i l e .— ( a) 8 N -H y d ro ch lo r ic  acid  
was u s e d  s i n c e  N iem entow ski*s 59 d escr ip tion  o f  t h i s  r e d u c t io n  by means 
o f  t i n  and t h i s  a c i d  d id  n o t  s p e c i f y  t h e  concen tration . Fnen th e  
r e a c t i o n  p r o d u c t  was t r i t u r a t e d  w i th  benzene most o f  t h e  m a t e r i a l  
rem ained  u n d i s s o lv e d ;  th e  compound was i d e n t i f i e d  as  2 -am in o -4 -  
methylb enz ami de a f t e r  c r y s t a l l i s a t i o n  from 70% aq .  e t h a n o l ;  s i l v e r y  w h i te  
p l a t e l e t s ,  m.p. 150° ( l i t . ,59 m .p . l 4 6 - l 4 7 ° ) ;  (N u jo l)  3400 and 3300
and 3170 (NNy), I67O (C=0), 162O (NNy), and 86O cm .-l (r in g  CH out o f  
p la n e  d e f o r m a t io n s ) ;  X 330 my (3 9 7 0 ) .  The n .m .r. spec trum  
[^CDgjzCq] shows peaks at T 7 .82  (3H, s ,  CH3 ) ,  7 .1  (2H, s ,  NHg), 3 .63  
( i H j ' b . d ,  proton 5 ) ,  3.45 ( iH , b .s ,  p ro to n  3 ) ,  3 .4  (2H, b , CONH2 ) arid*
2 . 5 2  ( IH , d, p ro to n  6 )., £ 5 ^6  ^ 7 .0  c . / s e c .  A f te r  e v a p o r a t io n  o f  the. 
benzene  s o l u t i o n  a  s m a l l  anount o f  2 -am ino-4-m eth y lb en zo n itr ile  was 
is o la te d .
(b) 4i'T-Hydrochloric acid  (224 ml..) was added slow ly  t o  4-m eth yl-2- 
n i t r o b e n z o n i t r i l e  (16.8 g .)  and g r a n u la t e d  t i n  (56 g . ) ,  and th e  r i s e  in  
temperature co n tro lled  by co o lin g  s l i g h t l y ,  t h e n  t h e  r e a c t i o n  had  
s u b s id e d  t h e  m ix tu r e  was h e a te d  on t h e  w a te r  b a t h  fo r .  1 , 5 -h r .. ,  f i l t e r e d -  
through g la ss  w ool, and made a llca line w ith 2N-sodium hydroxide s o lu t io n ,  
when t in  hydroxide was p r e c ip ita te d . Chloroform was added and th e  emulsion
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made s l i g h t l y  a c i d  t o  d i s s o lv e  t h e  inorganic s a l t .  The free  amine 
rem ained  i n  t h e  chloroform l a y e r  which was s e p a r a t e d ,  f i l t e r e d ,  d r i e d ,  
and e v a p o r a te d .  Benzene was added to  th e  c r y s t a l l i n e  r e s i d u e  and th e  
in so lu b le  amide (1 .6  g . )  removed by f i l t r a t i o n .  The f i l t r a t e  w a s ' 
e v a p o r a te d ,  l e a v i n g  2 - a m i n o - 4 - m e t h y lh e n z o n i t r i l e , which c r y s t a l l i s e d  
from aqueous e th a n o l  as yellow  n e e d le s , ( l 2 . 3 , g . ,  91%), m.p. 9 3 °;
^max. 3^50 and 3360 and 3250 (NEy), 2210 (CEN), 1 6 3 O (NH2 ) ,
and 785  cm.“  ^ ( r i n g  CH o u t  o f  p la n e  deform ations); X ^  323 my
(4 0 7 0 ) .  Tlie n . m . r .  sp ec tru m  shows peaks a t  T 7 .7 3  (3K, s ,  CII3 ) ,
5 .6 5  ( 211, b ,  1112)5 3 .5 0  (IH , b . d ,  proton 5 ) ,  3 .4 5  ( iH , b . s ,  p ro to n  3 ) ,  
and 2 .7 8  ( i n ,  d ,  p ro to n  6 ) .  . - . -
5-M ethylquinoline-8 -ca rb o x y lic  A c id .— The method o f  B ra d fo rd  e t  a l . 61 
had t o  b e  e x t e n s i v e l y  m o d i f ie d  in  order t o  obtain  th is  p r o d u c t .  70%
(w/w) S u lp h u r ic  a c i d  (97*5 g . ) was added t o  a  m ixture o f  2 -a m in o -4- 
m e t h y l b e n z o n i t r i l e  ( l 3 g . ) ,  g l y c e r o l  ( 2 2 .8  g . ) ,  sodium m -n i t ro b e n z e n e  
s u lp h o n a te  (2 6  g . ) and f e r r o u s  s u lp h a t e  ( 5 .2  g . ) ,  and t h e  mixture 
reflu x ed  w ith  s t ir r in g  for  5 h r .  The s o l u t i o n  was co o led , d i l u t e d  w i th  
w a te r  (lOO m l . ) ,  b a s i f i e d  w i th  c o n c e n t r a te d  a'omonia, and th e n  a c id if ie d  
w ith  g la c ia l  a c e t ic  a c i d .  • Approximately 200 m l.  o f  w a te r  w ere removed 
under  reduced p ressu re , and th e  s o l u t i o n  a l lo w e d  t o  s t a n d  o v e r n ig h t  
whereupon a  b la c k  o i l  dispersed  w ith a few % h i t e  c r y s t a l s  d e p o s i t e d .  I t  
was th ere fo re  necessary  t o  i s o l a t e  th e  r e q u i r e d  compound by  way o f  i t s  
mercuric c h l o r i d e  doub le  s a l t .  The above crude product was a c i d i f i e d  
w i th  d i l u t e  h y d r o c h lo r i c  a c i d ,  and a satu rated  aqueous s o l u t i o n  o f  
mercui’i c  c h l o r i d e  added, upon which th e  double  s a l t  p r e c i p i t a t e d .  The 
p r e c i p i t a t e  was f i l t e r e d ,  suspended in  w ater, and hydrogen  s u lp h id e  
p a s s e d  i n t o  t h e  s u s p e n s io n .  The mercuric su lph ide was f i l t e r e d  w i th  t h e  
a i d  o f  " C elite" , t h e  co lo u r le ss  f i l t r a t e  c o n c e n t r a t e d ,  made s l i g h t l y  
a l k a l i n e  w i th  aqueous sodium carbonate , and t h e  product ex tracted  w ith  
chloroform . A f te r  d ry in g  and e v a p o ra t io n  o f  t h e  s o l v e n t ,  5-m ethylquinoline'
8-c a r b o x y lic  ac id  ( 5 . 2  g , ,  2 8 %; l i t . ,61 1 0 %) was obtained â s /c b lô u r le s s  " 
l e a f l e t s ,  m .p .  174°; v (iTujol) 3600-2200 (a c id  OH s tr e tc h in g ) , I 7OOITIQ/X •
(C=0), 1 5 9 0  (q u in o lin e  r in g  v ib r a t io n s ) , and 795 cm.~l (r in g  CH out o f
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p la n e  d e f o r m a t io n s ) ;  X 321 (85OO), and 308 my (8 9 5 0 ) .  The n . m . r .
sp ec tru m  shows peaks  a t  T T .20 (3H, s ,  CHy), 1 . 0 - 2 .8  (5H, c .m , p ro to n s  2 ,
3 ,  4 ,  6 and 7 ) ,  and - 5 .7 5  (IK , s ,  COOH).
5- M e th y lq u in o l in e .— This was p r e p a re d  by t h e  method o f  S e ib e r t  e t  a l . 63 
e x c e p t  t h a t  t h e  d e c a r b o x y la t io n  was c a r r i e d  o u t  under  n i t r o g e n .  The 
compound d i s t i l l e d  a s  a  c o l o u r l e s s  v is c o u s  l i q u i d  ( 71%), b . p .  66 - 68° /
0 .2 5  mm.; v I 615 and 16 OO and 1575 and I 505, ( q u in o l in e  r i n gXlicUC • ~
v i b r a t i o n s ) ' ,  and 8 00 cm.“ l ( r i n g  CH o u t o f  p la n e  d e f o r m a t io n s ) ;  Xmax.
316 ( 3 0 9 0 ) ,  305 ( 3 7 0 0 ) ,  and 292 my (3 9 5 0 ) .  The n . m . r .  sp ec tru m  shows 
peaks a t  T 7*38 (3H, s ,  CH3 ) ,  1 . 6 - 2 .8  (5H, c .m , p ro to n s  3 ,  4 ,  6 , 7 and 8 )
and 1 .1 3  (IH , d .  o f  d ,  p ro to n  2 ) ,  £2  3 4 .0  c . / s e c . ,  £ 2  4 1 .5  c . / s e c .
; . 1 ,  5 - D im e th y l -2 -q u in o lo n e .—-The method d e s c r ib e d  f o r  t h e  p r e p a r a t i o n  
iof 1 , 7" d im e th y l - 2-q u in o lo n e  was u s e d ,  w i th  th e  e x c e p t io n  t h a t  th e  
p o ta s s iu m  f e r r i c y a n i d e  a n d -p o ta ss iu m  h y d ro x id e  s o l u t i o n s  w ere added 
s e p a r a t e l y  b u t  c o n c u r r e n t l y .  1 , 5-D im e th y l-2- q u in o lo n e  c r y s t a l l i s e d  as 
p a l e  y e l lo w  c l u s t e r s  o f  p r ism s  ( 75%) from b e n z e n e - l i g h t  p e t ro le u m  ( b .p ,  60 -  
80° ) ,  m .p . 1 1 0 . 5°  (Found: C, 7 6 .0 ;  II, 6 .4 ;  rl, 8 . 0 .  C uH hN O  r e q u i r e s
C, 7 6 . 3 ; H, 6 .4 ;  N, 8 .1% ); v (N u jo l)  165O (C =0), 1590 (q u in o lo n e  r i n gmax.
v i b r a t i o n s ) ,  and 785 cm.~^ ( r i n g  CH o u t  o f  p la n e  d e f o r m a t io n s ) ; X^ 334 
( 5 0 5 0 ) ,  and 2 8 1 .5  my (7 2 2 0 ) .  The n . m . r .  sp ec tru m  shows pealcs a t  T 7*45 
(3H, b . s ,  C-CH3 ) ,  6 .3 0  (3H, s ,  N-CH3 ) ,  3 .2 8  (IH , d ,  p ro to n  3 ) ,  2 . 3 - 3 . 1
(3H, c .m , p ro to n s  6 , 7 and 8 ) ,  and 2 .1 0  (IH , d ,  p ro to n  4 ) ,  £ 3 1 +^  9*5 c . / s e c ,
1 , 5- Di^4e t h y l - 2- th io q .u in o lo n e .—The method d e s c r ib e d  f o r  1 , 8 - d im e th y l -4 -  
th io q u in o lo n e  was u sed  f o r  t h e  p r e p a r a t i o n  o f  t h i s  compound. 1 ,  5-D im ethyl- 
2- t h i o q u in o lo n e  s e p a r a t e d  from e th a n o l  as p a l e  g reen  n e e d l e s ,  m .p . 127° 
(Found: C, 7 0 .3 ;  H, 5 . 8 ; N, 7 .4 ;  6 , 1 7 .1 .  CiiNqiNS r e q u i r e s  C, 7 0 .0 ;
H , : 5 .8 ;  N, 7 . 4 ;  G, 17 .0% ); v (N u jo l)  1100 (C=G), and 815  and 7 8 O cm .- l  
( r i n g  CH. o u t  o f  p la n e  d e f o r m a t io n s ) ;  X^^^ 382 ( l l , 1 0 0 ) ,  and 281 my
( 2 8 , 8 0 0 ) .  The n . m . r .  spec trum  shows peaks a t  T 7 * 4 l (3H, b . s ,  C-CH3 ) ,
5 .6 9  (3H, s , IT-CH3 ) ,  2 . 4 - 2 . 9  ( 311, c .m , p ro to n s  6 , 7 and 8 ) ,  and 2 .3 3
(2H,. s , p r o to n s  3 and 4 ) .  . ■ . - .
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P r e p a r a t i o n  o f  1 ,  ^-D ih y d ro -4 , 4 ,  7- t r i m e t h y I - 1-o x o n a p h th a le n e
lo n e n e .^^ T h is  compound vas  p r e p a r e d  in  52p y i e l d  by th e  method o f  
B ogert  and-Fourman; and 1362 ( gem-d im e th y l ) ,  1375 ( r i n g
CÏÏ3 ) ,  and 819  cm.~l ( r i n g  CH o u t  o f  p la n e  d e f o r m a t io n s ) ;  À ^  277
(9 5 0 )» 263 ( 950)9  and 220 mp ( 1 0 , 6 5 0 ) .  The n .ra .r*  s p e c t r u m •shovs • .
I
peaks a t  T 0.75 ( 6h ,  s ,  g e m -d im e th y l) ,  8 . 2 - 8 .4  (4E, c .m , -CHp-CHf-C-CHg),
■ ■ ; ....  ........ ' \ - ' OH 3
7 .7 5  ( 3II9 b . s ,  a ro m a tic  r i n g  m e thy l)  7*3 (2H, b ,  -CH2 a d j a c e n t  t o  r i n g ) ,
3 .1 3  ( i n ,  b i s ,  p ro to n  8 ) ,  3 .0 6  ( iH ,  d ,  proton 5 ) ,  and 2.70 ( i l l ,  b . d ,  
p ro to n  6 ) ,  6 . 7 * 0  c . / s e c .
4 9 4 9 7- T r im e th y l - l - t e t r a l o n e  .•—This compound vas  p r e p a r e d  by th e  
method o f  Eüchi and P a p p a s , ^6 and d i s t i l l e d  as a c o l o u r l e s s  o i l  (4 5 ^ ) ,
b .p ..Ü 9 -9 4 ° /0 .3  mm., n_ 2 % 1 . 5 ^3 5 ; %  ^ I 6 9O (C=0), 1390 and 1368V ' max. . . . .  • .
( gem-d im e th y l ) , and 830 cm,~^ ( r i n g  CH ou t o f  plane d e fo r m a t io n s ) ;  X ^
300 ( 1 , 4 9 0 ) ,  251  ( 1 0 , 300)9  and 210 my (2 4 ,9 0 0 ) .  The n .m . r .  sp ec tru m  
shows peaks  a t  T 8 .6 2  ( 6lî, s ,  gem-d im e th y l ) , 7*95 and 7 .32  (4H, 2 n ,
A2B2 s y s t e m ,  -  CH2-CH 2), 7 .6 3  (311, b . s a r o m a t i c  r i n g  m e t h y l ) , 2 . 6-
2 .7 5  (2119 AB q u a r t e t ,  p ro to n s  5 and 6 ) ,  and 2 .15  (IH , b .s ,  p ro to n  8 ) .
The 2 , 4 -d in i t r o p h e n y lh y d r a z o n e  c r y s t a l l i s e d  from e t h y l  a c e t a t e  as 
dark-red n e e d le s , m.p. 2 5 8 . 5°  (lit .,G G  m.p. 2 5 3 -2 5 4 ^ ) .
2-Bromo-4 , 4 ,  7- t r i m e t h y l - l - t e t r a l o n e .— Bromine ( 1 1 .2  g . )  v a s  added 
d ro p v is e  t o  a s o l u t i o n  o f  4 ,  4 ,  7 - t r im e th y l- l- te tr a lo n e  (1 3 .1  g . )  in  
anhydrous e th e r , and th e  m ix tu re  k e p t  at room te m p e ra tu re  f o r  30  min. 
A f te r ,  rem oval o f  t h e  s o lv e n t  th e  r e s id u e  c r y s t a l l i s e d  in  c o n t a c t  v i t h . 
l ig h t  p e t ro le u m  (b .p . 6 0 -8 0 °) . 2-Bromo-4, 4., 7 - t r i m e t h y l - l - t e t r a l one 
(1 2 .1  g . ,  64#) separated  from apueous m e thano l a s  c o l o u r l e s s  n e e d l e s ,  
m.p. 8 9 . 5 ° (Found: C, 58 .2 ; H, 5 .9 ;  Br, 2 9 .8 . CigHisBr 0 requires
C, 58 .4 ; H, 5 .6 3  B r ,  3 0 .0 # ) ;  ( l lu jo l )  1695  (C=0), and 035 cn ."^
( r i n g  CH o u t  o f  p la n e  d e f o r m a t io n s ) ; '  305 ( 2 ,0 4 o ) ,  25O ( l l , 3 0 0 ) ,
and 211 my (2 4 ,9 0 0 ) .  The n . m . r .  sp ec tru m  shovs peaks  a t  T 8 . 6 0  and
8 . 5 2  ( 6H, 2 s , jgem^dimethyl), 7 .62  (3H, s ,  aromatic r ing  m eth y l), 7 .3 - p , 
7 . 6  (2%, m, CHp-OHBr), 4 .89  (IH, t ,  CH -Br),'2.65 ( 2H; b .s ,'p r o to n s  5 and' 
6 ) and 2 .1 0  (IH , b . s ,  p ro to n  0 ) .
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^ 9  4-D ihydro--4 , 4 ,  T- t r i m e t h y l - l -o x o n a p h th a le n e »— d*he. above compound
(lO g . )  was dehydrob rom ina ted  by r e f l u x i n g  i n  y - c o l l i d i n e  (30 ml») f o r
75 min. A f t e r  c o o l in g  and d i l u t i o n  w ith  e t h e r ,  t h e  p r e c i p i t a t e d
c o l l i d i n e  hydrobrom ide was removed by f i l t r a t i o n ,  t h e  e t h e r e a l  f i l t r a t e
w ashed c o n s e c u t iv e l y  w i th  10 /; h y d r o c h lo r i c  a c i d ,  w a te r ,  and 5# sodiuiii
h y d ro x id e ,  and was th e n  d r i e d .  E v a p o ra t io n  o f  t h e  s o lv e n t  l e f t  a  l i g h t
brown o i l  (7 .1  g « ) from which 1 , 4 - d ih y d r o - 4 ,  4 ,  7 - t r i m e t h v l - l - o x o n a p h t h a l e n e
(5 .6  g . , 81 '#) was i s o l a t e d  by d i s t i l l a t i o n ,  b . p .  1 0 0 ° /0 .3  rim. (Found:
C, 8 4 .0 ;  H, 7 . 2 . C13E14O r e q u i r e s  C, 8 3 .9 ;  E, 7 . 5 # ) ;  I 665 (C=0),
1620  (C -C ), 1385  and I 365 ( g e n -d im e th y l ) ,  1376 (a ro m a t ic  r in g  m e th y l ) ,
and 832 cm ."! ( r i n g  Oil o u t  o f  p la n e  d e fo rm a t io n ) ;  X 304 ( 2 ,2 2 5 ) ,  265max. . _
(8 ,0 2 5 ) 9  and 243 my ( 9 ,2 7 5 ) .  The n .m . r .  sp ec tru m  shows pealcs a t  T 8 .5 3  
( 6h ,  s ,  gem-d i m e t h y l ) , 7 *6o ( 3H, s , a ro m a tic  r i n g  m e th y l ) ,  3 .6 0  ( iH , d ,  
p ro to n  2 ) ,  3 .1 0  (IH , d , p ro to n  3) 2 .5 -2 .6  ( 2K, AB q u a r t e t , p ro to n s  5 and
6 ) ,  and 1 .9 8  ( i l l ,  b . s ,  p ro to n  8 ) ,  £2  3 10.5 c . / s e c .
. The 2 , 4- d i n i trophcny lhyd razone o f  t h i s  compound was p rep a red  w ith  
B ra d y 's  r e a g e n t  and was r e c r y s t a l l i s e d  from e t h y l  a c e t a t e ;  d a rk  r e d  n e e d le s ,  
m .p . 251°  (Found: C, 6 2 .1 ;  H, 5 . 2 ;  N, 1 5 .4 .  CigEigN^O^ re q u i r e s  C, 62 .3 ;
E, 4 .9 ;  N, 1 5 . 3# ) .
P r e p a r a t io n  o f  1 ,  4- P i h y d r o - 4 , 4 ,  ' 6- t r i m e t h y l - l -o x o n a p h th a le n e
y , y-D im e th y lb u ty ro lac t o n  e .— The method o f  A rno ld  a l . was a d o p te d ;  
th e  fo l lo w in g  m o d i f i c a t io n  r e p r e s e n t s  a c o n s id e r a b le  im provem ent. A f te r  
d e c o m p o si t io n  o f  t h e  G rig n a rd  complex o b ta in e d  from e t h y l  l a e v u l in a t e  
(65 g . )  and m e th y l magnesium io d id e  (p r e p a re d  from 1 2 .2  g .  o f  magnesium 
and y i  g .  o f  m e th y l i o d i d e )  by means o f  d i l u t e  s u lp h u r i c  a c i d ,  t h e  e t h e r -  
benzene l a y e r  c o n t a in in g  th e  r e a c t i o n  p ro d u c t  was e x t r a c t e d  w i th  aqueous 
sodium h y d ro x id e .  I t  i s  a l l e g e d ^ ?  t h a t  t h e  l a c to n e  can be  r e g e n e ra te d  in  
60# y i e l d  from th e  aqueous a l k a l i n e  l a y e r  by a c i d i f i c a t i o n .  T his  co u ld  
n o t  be r e p e a te d ,  and only  an i n s i g n i f i c a n t  amount o f  v e ry  impure l a c to n e  
(1  g . )  was i s o l a t e d ,  even a f t e r  p ro lo n g e d  t r e a tm e n t  w ith  .a c id .  ■ The bulk--, '
o f  t h e  l a c t o n e  was found t o  have been  r e t a i n e d  in  t h e  o rg a n ic  l a y e r ,  which 
was w ashed , d r i e d  and e v a p o ra te d ,  y , y -D im e th y lb u ty ro la c to n e  (16#) d i s t i l l e d  
as a  c o l o u r l e s s  l i q u i d ,  b . p .  9 6 ° / l 8 . mm. 1775 cm.  ^ ( 0=0 ).,r--
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3-p - T o l y l - 1- p r o p a n o l A s o l u t i o n  o f  e t h y l  p -m e th y l  c in n a n a te ^ ^
(5 5 »8 S») i n  e t h e r  (250 m l . )  vas  added d ro p v is e  t o  a  s o l u t i o n  o f  
l i t h i u m  aluminium h y d r id e  ( l 4 . 3  g . )  in  th e  same s o lv e n t  (600  m l . )  
a t  such  a  r a t e  t h a t  g en tle  re flu x in g  was m a in ta in e d .  A f te r  a d d i t i o n ,  
t h e  r e a c t i o n  m ix tu re  v as  r e f l u x e d  f o r  1 h r . , and th e n  cooled  i n  an i c e  
b a t h .  E th y l  a c e t a t e  (75 m l . )  v as  added d r o p v i s e ,  f o l l o v e d  by 10# 
s u lp h u r i c  a c i d  (250 m l . ) .  The e t h e r  l a y e r  v as  s u c c e s s i v e l y  washed 
w ith  w a te r ,  sodium b ic a r b o n a te  s o l u t i o n ,  and  w a te r ,  and was d r i e d .
A f t e r  e v a p o r a t io n  o f  th e  s o lv e n t  th e  r e s id u e  d i s t i l l e d  o v e r  a wide 
range; a  fr a c tio n  ( 2 7 .5  S » ) ,  b .p . 98- 120^ / 0 .7  mm. was c o l l e c t e d  and 
found by g . l . c .  t o  contain  t h r e e  com ponents, which w e r e . l a t e r  
i d e n t i f i e d  by in f r a r e d ,  spectroscopy as 3- u y t o l y l - l - p r o p a n o l ,
£ -m e th y lc in n a ray l  a lcoh o l and a  s m a l l  amount o f  e t h y l  3- p - t o l y l p r o p i ô n a t e .
An a l c o h o l i c  s o l u t i o n  o f  t h i s  m ix tu re  was h y d ro g e n a te d  in  t h e  p r e s e n c e  o f  
20# p a l la d iu m  c h l o r i d e  on s t r o n t iu m  c a rb o n a te  u n t i l  t h e  u p ta k e  o f  hydrogen
' c
cea se d  ( l4 0 0  m l . ) .  The g . l .  chromatogram now r e v e a l e d  t h e  p r e s e n c e  o f  one
m ajo r  and one m inor component, as e x p e c te d .  The m ix tu re  was b o i l e d  w i th
aqueous sodium h y d ro x id e ,  t h e  n e u t r a l  m a t e r i a l  c o l l e c t e d  i n  e t h e r ,  and
th e  e t h e r  l a y e r  w ashed , and d r i e d .  A f te r  rem oval o f  t h e  s o lv e n t  3-py
t o l y l - l - p r o p a n o l  ( 2 5 .8  g . ,  59#) rem ained  as a c o l o u r l e s s  o i l  w hich was
shoim by g . l . c . ,  on a 6 f t  Carbowax 20M column, t o  be pure; v 3350 .- max,
(oh s t r e t c h i n g )  and 815 cm,“  ^ ( r i n g  CH o u t  o f  plane d e f o r m a t io n s ) ;  X ^ N O  u. 5 max.
273.5 (5 3 0 ), 2 6 7 . 5  (4 8 5 ), 264.5 (4 8 5 ), and 259 my (3 7 0 ). The n .m .r . 
spectrum s h o w s  peaks a t  T 8 .29  (IH , s , OH), 8 .1 8  (2IÎ, t .  o f  t ,  -CH2r_^l2-CH2 ) 
7 .7 2  (3H , s ,  CH3 ) , 7 . 3 4  (2H, b . t ,  CII2 . a d ja c e n t  t o  r i n g ) ,  6 ,38
A h 2 , CH2 o e .(2H, t ,  Clip oh) ,  and 2 .92  (4h , s , a ro m a tic  p ro to n s  ) ,  „ 6 .0  c . / s e c , ,—*v i i , 0^-  O il,
^ H 2 , CIÎ2 a d j a c e n t  t o  r i n g ,  c , / ^ ^ c .
l-B ro m o -3 -p - t o l y l p r o p a n e .—Tlie above compound (26  g . )  was b ro m in a te d  
a c c o rd in g  t o  a method in  O rganic  S y n t h e s e s , b u t  the . u se  o f  c o n c e n t r a t e d  
s u lp h u r i c  a c i d  was av o id ed  d u r in g  th e 'w o rk in g -u p  s t a g e .  I n s t e a d ,  t h e  
r e a c t i o n  m ix tu re  was p o u re d .o n  t o  i c e  and th e  p ro d u c t  . c o l l e c t e d  in  e t h e r .  
l -B ro m o -3 -n - to ly lp ro p a n e  ( 2 9 .8  g . , 81#) d i s t i l l e d  as  a  c o l o u r l e s s  o i l ,
b . p ,  1 3 0 ° /0 .3  mm,; v , 8IO cm,"# ( r i n g  CH .out o f  p la n e  d e f o r m a t io n s ) ;max. ' .
: . y  - 1 2 8  _ . , ' ,
^nax ( 4 9 5 )9  267  ( 4 5 0 ) ,  and  264 my (4 7 1 ) .  The n . m . r ,  sp ec tru m
shows peaks  a t  7 .8 2  ( 2H, t . o f  t ,  -  Cli? -  CH? -  C lip -) , 7 .6 7  (3H, s ,  CEg),
7 .2 2  (2H, h . t ,  CH2 a d j a c e n t  t o  r i n g ) , 6 .6 0  (2H, t ,  CH? B r ) ,  2 .8 9
( t a ,  s .  a ro m a t ic  p r o t o n s ) ,  ÇH2 B r ,  > 'icH a, CII2 a d j a c e n t
t o  r i n g .  7 .5  c . / s e c .  .
2-M ethyl--5 -p ‘-‘t o l y l p e n t a n ~ 2- o l» ~--The G r ig n a rd  r e a g e n t  was 'p re p a re d  
from l-b ro m o -3p2y to l y lp r o p a n e  (28  g , ) and magnesium (2 .8 4  g . ) in  
anhydrous e t h e r  (75 m l . ) ,  w i th  s t i r r i n g ,  i n  an a tm osphere  o f  n i t r o g e n ,  
and th e  r e a c t i o n  com ple ted  by r e f l u x i n g  f o r  15 m in . A f t e r  d ropw ise  
a d d i t i o n  o f  anhydrous  a c e to n e  (7 .1  g . )  a t  0° ,  t h e  s t i r r i n g  was c o n t in u e d  
a t  t h i s  te m p e r a tu r e  f o r  30 m i n . ,  and t h e  m ix tu re  a l lo w ed  t o  a t t a i n  room 
te m p e r a tu r e .  S a t u r a t e d  aqueous ammonium c h l o r i d e  ( l 8 m l . )  was added 
dropw ise  t o  t h e  m i x tu r e ,  t h e  r e s u l t i n g  in o r g a n ic  p r e c i p i t a t e  f i l t e r e d - .  
by  s u c t i o n ,  and  th e  e t h e r  l a y e r  e v a p o r a te d ,  l e a v in g  a c o l o u r l e s s  o i l  
(2 4 .9  g . ) .  2-M ethy1- 5 - p - t o l y l p e n t a n - 2- o l  ( l 8 . 4  g . ,  84#) d i s t i l l e d  as a 
c o l o u r l e s s  o i l ,  b . p .  1 0 0 ° /0 .3 5  mm, (Found: C, 8 l . l ;  H, 1 0 .3 .  C13II20O
r e q u i r e s  C, 8 1 . 2 ;  H, 1 0 .4 # ) ;  3380 (OH s t r e t c h i n g ) ,  I 38O and 1370
( gem-d im e th y l  ) a and  81O cra."~^ ( r i n g  CH o u t  o f  p la n e  d e f o r m a t io n s ) ;  X ^
270 ( 5 0 0 ) ,  268  ( 435 )9  265  ( 4 3 5 ) ,  a n i  260  my (3 3 0 ) .  The n . m . r .  sp ec tru m  
shows pealLs a t  T 8 . 8 I  ( 6li ,  s ,  gem-d im e th y l  ) ,  8 .5 5  ( IH , s , OH), 8 . 3 - 8 ,5  
(4E, m, -CH ;-CE;-C O n), 7 .6 8  (3H, s ,  r i n g  m e th y l ) ,  7 .4 0  (2H, b , t ,  CE2
a d ja c e n t  t o  r i n g ) , a n d  2 .9 1  ( 4 h ,  s ,  a ro m a t ic  p r o t o n s ) .
1 ,  2 ,  3 ,  4- T e t r a h y d r o - l , 1 ,  7- t . r im e th y ln a .p h th a le n e . The above a l c o h o l  
(18  g . )  was c y c l i s e d  by means o f  c o n c e n t r a t e d . s u l p h u r i c  a c i d  as - 
de s c r i be d ’. 1,  2 ,  89 4 -T e t r a h y d ro - l - ,  I 9 7- t r i m e th y l n a p h th a l e n e  
(8 g »9 50#) was o b ta in e d  as a  c o l o u r l e s s  o i l ;  1388  and 1365 (gem-
d im e th y l ) ,  1382 (a ro m a t ic  r i n g  m e th y l ) ,  and 815 and 805 c n ."^  ( r i n g  CH o u t 
o f  p la n e  d e f o r m a t io n s ) ;  X ^ ^  2 JJ  ( 5 9 0 ) ,  and 268 my (5 9 0 ) .  The n . m . r .  
spec trum  shows p eak s  a t  T 8 .7 2  (o il ,  s ,  gem-d im e th y l ) ,  8 .3 0  (4lî, m, p r o to n s  
a t  p o s i t i o n  2 and  3 ) ,  7 .6 9  (3H, b . s ,  a ro m a t ic  r i n g  m e t h y l ) , 7 .25  (2E, b . t ,  
p ro to n s  a t  p o s i t i o n  4 ) ,  and 2 . 7- 3 .2  ( 3K, c .m , a ro m a t ic  p ro to n s  5 , 6 and 8 ) .
4 ,  4 ,  6 - T r i m e t h y l - l - t e t r a l o n e .——A s o l u t i o n  o f  chromium t r i o x i d e  ( 9 ,3  g . )
i n  w a te r  ( 4 .7  g . ) and g l a c i a l  a c e t i c  a c i d  (33 m l . )  was added d ropw ise  t o  a 
s o l u t i o n  o f  1 , 2 , 3 ,  4 - t e t r a h y d r o - l ,  1 , 7 - t r i m e t h y l n a p h t h a l e n e , ( 7 . 5  g . ) in  
g l a c i a l  a c e t i c  a c i d  (33 m l . )  a t  room te m p e r a tu r e .  The s o l u t i o n  was a l lo w ed
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t o  s t a n d  f o r  72 h r . ,  d i l u t e d  w i th  s i x  t im e s  i t s  volume o f  w a te r  and
e x t r a c t e d  w i th  ether. Hie e t h e r  l a y e r  was washed w i th  aqueous sodium
b i c a r b o n a t e ,  w a te r ,  and d r i e d ,  and  t h e . s o l v e n t  removed. The yellow
l i q u i d  residue (5 .7  g«) d i s s o lv e d  in  a b s o lu t e  m e th an o l (45 m l . )  and .
g l a c i a l  a c e t i c  a c id  (2 .7  g . ) ,  was added t o  ’’G i r a rd  T” r e a g e n t  ( b e t a in e
h y d ra z id e  hydrochloride; 7 .5 5  g . ) ,  and th e  m ix tu re  r e f l u x e d  f o r  1 h r .
A f t e r  c o o l in g  t h i s  was added t o  sodium c a rb o n a te  ( 2 ,3  g . ) i n  w a te r
(45 g . ) and i c e  (45 g . ) .  A f t e r  e x t r a c t i o n  w i th  e t h e r  th e  aqueous layer
was a c i d i f i e d  w i th  dilute h y d r o c h lo r i c  a c i d  (Congo r e d )  and th e  cloudy
yellow s o l u t i o n  a l lo w ed  t o  s t a n d  f o r  2 h r . ,  when a  heavy o i l  s e p a r a t e d .
T h is  was c o l l e c t e d  in  e t h e r ,  and e v a p o ra te d .  . 4 ,  4 ,  6- T r im e th y l - l - t e t r a l o i i €
(3 .5 -g. 9 43#) rem ained  as a ‘ y e l lo w  o i l ;  a s m a l l  sam ple was e v a p o r a t iv e l y
d i s t i l l e d  f o r  a n a l y s i s , b . p .  105 (b a t l i ) /0 .2  mm. (Found: C, 8 2 .8 ;  H, 8.7.
C13H15O r e q u i r e s  C, 83.0; H, 8.5#); 1682 (C=0), 1392 and 1368 (gem-
d im e th y l ) ,  I 38O (a ro m a t ic  r i n g  m e th y l ) ,  and 830 cm."^ ( r i n g  CIi o u t  o f
p la n e  d e fo r m a t io n s ) ;  A 295 (2 ,2 4 o ) ,  and 258 my ( l 6 , 3 5 0 ) .  The n . m . r .max.
s p ec tru m  shows pealcs at T 8 . 6 1  ( 6il ,  s ,  gem-d im e th y l ) , 8.00  ( 2H, t , CH .^ 
a t  p o s i t i o n  3 ) ,  7*6o (3H, s , a ro m a t ic  r i n g  m e th y l ) ,  7 .3 0  ( 2H, t ,  CII2 a t  
p o s i t i o n  2 ) ,  2 .8 7  ( i n ,  b . d ,  p r o to n  7 ) s 2.84 (iH, b . s ,  p r o to n  5 ) ,  o-ad 2.10 
(IH , d ,  p ro to n  8 ) ,  jJ7 8 8 .0  c . / s e c .
The 2 ,  4- d i n i t r o p h enylhydrazone was p r e p a r e d  i n  t h e  u s u a l  m anner,  and 
separated from ethyl acetate as r e d  n e e d l e s , m .p . 244° (Found: C, 6 1 . 6 ;
n, 5,3; N, 1 5 .7 . Cign2 o% 4 0 4  requires C, 61.9; H, 5.5; 1 6 .I#).
2 - Bromo-4 , 4 ,  6 f-trimethyl-l-tetraldne.rr-An e t h e r e a l  . s o lu t io n  o f  •
4 ,  4 ,  6- t r i m e t h y l - l - t e t r a l o n e  (3  g . )  was t r e a t e d  w i th  brom ine ( 2 .8  g . )  and 
a l lo w ed  t o  s t a n d  o v e rn ig h t  b e f o r e  p o u r in g  on t o  ice. The e t h e r  l a y e r  was 
washed w i th  aqueous sodium b i c a r b o n a t e ,  and water; a f t e r  d ry in g  t h e  e t h e r  
was removed. Becrystallisation from m ethano l y i e l d e d  2-b ro m o -4 , 4 ,  6-  
t r i m e t h y l - l - t etralone ( 3 .3  g . , 78#) as c o l o u r l e s s  n e e d l e s ,  m .p . 7 6 .5  •
The analytical figures indicated that a small orpunt of dibromo-compound 
had been formed (Found: . C, 57.6; H , '5,6; Br, 30.9.' 0 'requires
C, 58.4; E, 5 .6 ; Br, 30.0#); (Eujol) l695 (C=0), and 8 3 O cm.-l
( r i n g  CII o u t  o f  p la n e  d e f o r m a t io n s ) ;  295 (770) and 262  my ( l 4 , 1 0 0 ) .
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The n . m . r .  sp ec tru m  shows peaks  a t  T 8 .59  and 8 .5 2  (6ll, 2 s , . gem -. 
dimethyl), 7 .58  (3H, s ,  a ro m a t ic  r i n g  m e th y l ) ,  7 * 3 -7 .6  (2H, m, CIIp-CHBr),
4 .9 0  (IH , t ,  CII-Br), 2 .8 2  (IH , b . d ,  proton 7 ) ,  2 .7 9  (H I, b . s ,  p ro to n  5 ) ,  
and 2 .0 0  ( iK , d ,  p ro to n  8 ) ,  £ 7 , 8 , 8 . 0  c . / s e c .
I 9 4- P ih y d r o - 4 , 4 ,  6- t r i m e t h y l - l -o x o n a p h th a le n e .-7—The above • compound .
(3 .2  g . )  was dehydrob rom ina ted  by  means o f  b o i l i n g  y - c o l l i d i n e  (lO m l . ) .  
A f t e r  c o o l in g ,  w a te r  was added t o  d i s s o lv e  t h e  p r e c i p i t a t e d  c o l l i d i n e  
h y d rob rom ide ,  and t h e  s o l u t i o n  e x t r a c t e d  w i th  e t h e r .  The e t h e r  l a y e r  was 
washed w i th  d i l u t e  h y d r o c h lo r i c  a c i d ,  w a t e r ,  and dj.-ied. On rem oving th e  
s o lv e n t  a  y e l lo w  o i l  rem ained  which s o l i d i f i e d  on s t a n d i n g ;  c r y s t a l l i s a t i o n  
from l i g h t  p e t ro le u m  ( b .p .  30 -40°)  y i e l d e d  1 , 4- d ih y d r o - 4 ,  4.,- 6 -trimethÿl- 
-1-o x o n a p h th a le n e  ( 2 .1  g . , 88#) as  p a l e  y e l lo w ,c u b e s ,  m .p . 6 4 .5 °  (Found:
'C, 8 3 .6 ; H, 7 .5 . C 1 3 H 1 4 O requires C, 83.9; H, 7.5#). w (%ujol) 1 6 6 5
(C=0), 1 6 1 2  (0= C) ,  and 8 19 cm.“  ^ ( r i n g  CH o u t  o f  p la n e  deformations); & g» 
273  ( 7 , 8 5 0 ) ,  and 232  my (8 , 5 6 0 ) .  The n . m . r ,  spectrum shows peaks  at 
T 8 .5 0  ( 6li ,  s ,  gem-d i m e th y l ) , 7*57 (3H, b . s ,  a ro m a t ic  r i n g  m e th y l ) ,  3 .6 0  
(IH , d ,  p ro to n  2 ) ,  3.10 ( iH , d, proton 3 ) ,  2 .75  (IH , b.d. p ro to n  7 ) ,  2 .65  
( III ,  b . s ,  p ro to n  5 ) ,  I .8 7  ( IH , d ,  p ro to n  8 ) ,  £ 7 , 3  ^ 7 .0  c . / s e c . ,  £ 2^ 3 ^
1 0 . 0  c./sec.
Tlie 2 ,  4- d i n i t ro p h e n y lh y d ra z o n e  was formed w ith  B ra d y 's  r e a g e n t ,  and 
crystallised from e t h y l  a c e t a t e  as d ark  r e d  n e e d l e s ,  m.p. 233.5° (Found:
C, 6 a.l; H, 4.9; 1 5 .2 . CigHi8 H 4 0 4  requires C, 62.3; E, 4.9; H, 15.3#).
Preparation o f  1 , 4 -d ih y d ro ~ 4 ,  4 .  5 -trimethyl-l-oxonaphthalene .
E th y l  2- Cyano-3 - 0 - 1 o ly 1 c r o t  on a t  e .—-A 100# i n c r e a s e  i n  t h e  yield quoted 
by Cope ^  f o r  t h i s  compound was o b ta in e d  i n  t h e  fo l lo w in g  manner.
A m ix tu re  o f  o -m e th y lace to p h en o n e  (5 0  g . ) ,  e t h y l  c y a n o a c e ta te  (42 g . ) ,  
ammonium a c e t a t e  ( 5 .7  g . ) ,  g l a c i a l  a c e t i c  a c i d  (18  g . )  and b enzene  (.900 m l . )  
was refluxed w ith  s t i r r i n g  u n d e r  a  Dean and S ta r k  water s e p a r a t o r  f o r  7 h r .  
It was found  t h a t  the c a t a l y s t s  w ere p a r t i a l l y  removed w ith  t h e  a z e o t r o p e ,  
and further quantities of ammonium acetate end acetic acid were-therefore 
periodically added until the reaction was complete; this was established by 
g.l.c. The benzene layer was washed and dried and the solvent evaporated.
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F r a c t i o n a l  d i s t i l l a t i o n  o f  t h e  r e s id u e  y i e l d e d  t h e  compound (79 g . ,
9 0 # ; l i t . ,79 4 7 #) as  a  c o l o u r l e s s  l i q u i d ,  b . p .  1 2 6 - 1 2 8 ° / 0 . 4  n i i . : v“ ■ ’ max.
2230  (CElî), 1725  (C=0) and 770 cm.~V ( r i n g  CH o u t o f  p la n e  d e f o r m a t io n s ) .
280  my ( 3 , 8 7 0 ) .  The n . m . r ,  spec trum  shows t h a t  t h i s  compound 
e x i s t s  i n  two fo rm s .  The peaks  a r e  a t  T. 8 .9 3  and 8 .6 2  (3H, 2 t ,. CHp-CH?), 
7 . 8 2  and 7 . 7 2  (3H, 2 s, ring methyl), 7.53 and 7.40 (3H, 2 s, CE3-C=C),
5 .9 5  and  5 .6 5  (2H, 2 q ,  CHp-C H ?), and 2 .6 -2 .8 5  (4 h ,  c .m , a ro m a t ic  p r o t o n s ) .
Ethyl 2- Cÿ/ano-3- m e t h y l - 3 -o - t o lylbutyrate .— (a )  A solution o f  t h e  
f o r e g o in g  cyano-ester (44 g . )  i n  anhydrous ether (lOO ml.) was added 
w i th  s t i r r i n g  a t  0° t o  a  G r ig n a rd  r e a g e n t  prepared under n i t r o g e n  from 
magnesium (4 .6 2  g . ) and m e th y l iodide (3 4 .2  g . ) in  e t h e r  (400 m l . ) .
A f t e r  r e f l u x i n g  f o r  1 h r .  and c o o l in g ,  t h e  complex was decomposed with ' • 
s a t u r a t e d  aqueous ammonium, chloride (31 m l . ) ,  t h e  ether l a y e r  d e c a n te d ,  
washed w ith  aqueous sodium b i s u l p h i t e  and w a te r ,  and th e  solvent 
e v a p o ra te d  ( c f .  l i t . ^ O ) .  D i s t i l l a t i o n  o f  t h e  r e s i d u e  gave a  f r a c t i o n  
( 3 6 .1  g . ) ,  b . p .  122 - 128 ° / 0 .2  mm. which was shown by  g . l . c .  t o  consist o f  
t h r e e  com ponents . An a t te m p te d  s e p a r a t io n  on a c t i v a t e d  n e u t r a l  alumina 
was u n s u c c e s s f u l  and t h e  exp er im en t was abandoned.
(b )  T h is  p ro c e d u re  i s  b a s e d  on a method i n  O rgan ic  Synthese s f o r  th e  
p r e p a r a t i o n  o f  a  r e l a t e d  compound. E th y l  2-cyano-3-methylcrotonate was 
prepared i n  84# y i e l d  a c c o rd in g  t o  Warren and Weedon. ^^ A s o l u t i o n  o f  
t h i s  ester (42.5 g . ) i n  benzene (lOO m l . )  was added , w i th  s t i r r i n g ,  t o  a 
G rig n a rd  reagent prepared u n d er  nitrogen from oybromotoluene (71*5 g * ) and 
magnesium (8 . 5  g.). in dry  e t h e r  (300 m l . ) .  Refluxing.was m a in ta in e d  by 
t h e  r a t e  of a d d i t i o n  and was continued f o r  1 .5  h r .  A f t e r  s t i r r i n g  t h e  
m ix tu re  o v e r n ig h t  a t  room temperature i t  was p o u red  on t o  crushed i c e  and 
t h e  complex decomposed with 20# sulphuric acid. The two phases were 
s e p a r a t e d ,  t h e  aqueous l a y e r  e x t r a c t e d  w ith , b e n z e n e , and t h e  o rg a n ic  
layers com bined , w ashed , and d r i e d .  F r a c t i o n a l  d i s t i l l a t i o n  yielded e t h y l
2 -c y an o -3-me t h y l - 3- o - t  o ly lb  u t y r a t  e (38  g. 6 1 #) as a.colourless v i s c o u s ' o i l ,  
b . p ,  1 4 8 -1 5 2 ° /0 .9  mm. (Found: C, 73.3; H, 7 .8 ; N, 5*7* ' 'Ci.sHi9ÎÎO2 requires
C, 73.5; E, 7 .8 ; E, 5 .7 #); 22^5 (CEd), 1740 (C=0), 1390 and 1 3 6 5  (gem-
dimethyl), 3.375 (ring methyl) and 770 cm."^ ( r i n g  CH o u t  o f  plane deforma­
tions); A 264 my ( 3 6 2 6 ) .  The n . m . r .  sp ec tru m  shows pealis a t  T 8 .9 6  .
niciuv • . '
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(3H, t, CII2-CE3 ) 9 8 .2 8  ( 611, s ,  gem-d im e th y l ) , 7 .4 2  (3H, s ,  r i n g  m e th y l ) ,  
5 .9 8  (2H, q ,  Œ12-CE3 )9 5*72  ( iH , s ,  CH) and 2 .8 6 -2 ,8 9  (4 h ,  c .m , a ro m a t ic  
p r o t o n s ) »
• H y d ro ly s is  o f  E th y l  2- c y a n o - 3-m eth y > 3-o-t o l y l h u t y r a t e . - —(a)  T h is .-cyano-
.e s t e r  ( 3 .2  g , ) was r e f lm c e d  w ith  a s o l u t i o n  o f  p o ta s s iu m  h y d ro x id e  ( 2 .7  g .  )
i n  w a te r  (5 m l . )  and e th a n o l  (75 m l . )  f o r  2 .5  h r .  Most o f  t h e  a l c o h o l  was
removed under  reduced  p r e s s u r e ,  and w a te r  was added . The s o l u t i o n  was
a c i d i f i e d  t o  Congo r e d  and e x t r a c t e d  w i th  e t h e r .  On rem oval o f  th e
s o l v e n t ,  2-cyano-3-methyl-3-o-tolylhutyric a c i d  (2 .7 3  g . , 97#) c r y s t a l l i s e d
from e t h e r - l i g h t  p e t ro le u m  ( b .p .  6 0 -8 0 °) as c o l o u r l e s s  rosettes o f  n e e d l e s ,
m .p .  100° (Found: C, 7 1 .6 ;  H, 6 .7 ;  N, 6 . 5 . Ç13H15NO2 r e q u i r e s . 0 , 7 1 .9 ;
H, 6 . 9 ;  H, 6 ,5 # ) ;  V  ^ ( im jo l )  3500-2300 ( a c i d  OH s t r e t c h i n g ) ,  2230 (QeIT),max-» • ■ ■, ■ - • . • • •
1725  ( 0=0 ) ,  778  cm.~^ ( r i n g  CH o u t  o f  p la n e  d e f o r m a t io n s ) ;  264 my
( 2 2 2 ) .  The n.m.r. spectrum shows peaks a t  T 8 .3 2  ( 6li , s ,  gem-dimethyl),
7 .48  ( 311, s ,  r i n g  m e th y l ) ,  5.72 (IK , s ,  CH), 2 . 4 - 2 . 9  ( 4H, c.m, aromatic 
p r o t o n s ) ,  and 0.75 ( IH , s , COOIl). On h e a t in g  a s m a l l  sample o f  t h i s  a c i d ,  
decarboxylation seemed t o  o c c u r  a t  170°; repetition on a l a r g e  s c a l e ,  
how ever,  gave a m ix tu re  o f  products, t h e  i n f r a r e d  spectrum o f  w hich showed 
there was s t i l l  a c id  p r e s e n t .
(b) E th y l  2 - cy a n o -3 -m e th y l -3 -O y to ly lb u ty r a t  e (5  g . ) was g e n t l y  r e f l u x e d  
w ith  a s o l u t i o n  o f  p o ta s s iu m  hydroxide (2.3 g, ) i n  e th y le n e  g ly c o l  
(1 2 . 5  m l . )  f o r  3 hr., during which t im e  a solid separated. The m ix tu r e  was 
c o o le d ,  d i l u t e d  w ith  w a te r ,  and e x t r a c t e d  with e t h e r .  A f t e r  d r y in g ,  and 
removing the solvent 3- m e th y l - 3- o-tolylbutyroni t r i l e  d i s t i l l e d  as a 
c o l o u r l e s s  l i q u i d  (2.2 g., 6 1 #), b.p. 102-104°/0.3 mm. (Found: C, 8 2 .9 ;
.n, 8.7; H, 8 .5 . C1 2 H 1 5 IT requires C, 83.4; H, 8.7; E, 8.1#); v 2250 
(chit) 5. 1390  and 1370 (gem-dimethyl), 1 3 8 0  ( r i n g  m e t h y l ) , and 7 6 O cm.~^
( r i n g  CH o u t  o f  p la n e  deformations ) ; A^ ^  260  my (2 0 8 ) .  The n . m . r .
spec trum  shows peaks a t  T 3 .4 2  ( 6II, s ,  gem-dimethyl), 7 .4 8  (3H, s , r i n g  
m e th y l ) ,  7 .2 2  (2H, s ,  CH2 ) ,  and 2.5-2.9 (4H, c.m, aromatic protons). The 
aqueous la y e r -w a s  acidified with concentrated hydrochloric- acid,-and 
e x t r a c t e d  w i th  e t h e r .  A f t e r  drying, and rem oving th e  solvent, 3-methyl-3-o- 
tolylbutyric acid (0 . 2 5  g., 7 #) crystallised from ether-light p e t ro le u m  
(b.p. 60-80°) as colourless needles, m.p. 49° (Found: C, 7 5 . 1 ; -H, 8 . 6 .
O12H15O2 r e q u i r e s  C, 75*0; II, 8 .4 # ) ;  (iTujol) 3500-2o00 ( a c i d  OH
: ' - 1 3 3  - . :
s t r e t c h i n g ) ,  165O (C=0), and 7T0 cm.""I ( r i n g  CII o u t  o f  p la n e  de forma­
t i o n s  ) ; 261  my (2 2 4 ) .  The n . m . r .  spec trum  shows peaks a t  T 8 . 5O
( 6li, s ,  g e m -d im e th y l) , 7 .45  ( 3H, s ,  r i n g  m e th y l ) ,  7 .3 0  ( 2E, s ,  CHg), 
and 2 . 4 - 2 . 9  (5H, c .m , CO Oil and a ro m a tic  p r o t o n s ) .
E thy1 3-Me t h y l - 3 -o - t o l y I h u t  ano a t  e .-—3 -M e th y l -3 -o - t  o ly lb  u ty ro n  i t  r i l e
(2 4 .2  g . )  was r e f l u x e d  f o r  60  h r ,  w ith e th y l a l c o h o l  (29  m l . )  and
concentrated su lphuric a c i d  (1 2 .4  m l . ) .  The r e a c t i o n  m ix tu re  was
c o o le d ,  d i l u t e d  w i th  w a te r ,  and e x t r a c t e d  w i th  e t h e r .  A f t e r  w ash ing
and d ry in g  t h e  e t h e r  l a y e r ,  t h e  s o lv e n t  was removed. S in c e ,  a t  t h i s
s t a g e ,  b o th  a c i d  and e s t e r  w ere shown t o  be present ( i n f r a r e d  s p e c t r u m ) ,
th e  m ix tu re  was r e - d i s s o l v e d  i n  e t h e r ,  and shaken w ith  aqueous sodium
hydroxide. Tlie e t h e r  l a y e r  was washed and d r i e d ,  and t h é  s o lv e n t
Iremoved. A m ix tu re  (1 7 . I  g . )  o f . a c i d  and e s t e r  rem a in ed .  The sodium
h y d ro x id e  la y er  was a c i d i f i e d  and e x t r a c t e d  w i th  e t h e r ,  b u t  a f t e r  w ash in g ,
drying and rem oving t h e  s o lv e n t  o n ly  an i n s i g n i f i c a n t  amount o f  m a t e r i a l
was l e f t  b e h in d .  F r a c t i o n a l  d i s t i l l a t i o n  o f  t h e  m ix tu re  c o n s i s t i n g  o f
a c i d  and e s t e r  ( 1 7 .0  g . )  gave e t h y l  3- m e th y l - 3- o - t o l y l b u t a n o a t e  ( 1 2 .7  g . ,
4 l # ) ,  b . p .  1 0 5 -1 0 7 ° /0 .4 5  mm. (Found; C, 7 6 .5 ;  H, 9*1» C14H20O2 r e q u i r e s
C, 7 6 .4 ;  IÎ, 9 * 1 # ) ;  1730  (C=0), and 764 cm.~^ ( r i n g  CH o u t  o f  p la n e
d e f o r m a t io n s ) ;  A 260 my (2 7 2 ) .  The' n . m . r .  sp ec tru m  shows peaks  a t  max.
T 8 .9 7  ( 311, t ,  CH2-CH3 ) , 8 .4 8  ( 6h ,  s  , gem-d im e th y l  ) ,  7 .45  (3H, s ,  r i n g
CH3 ) ,  7 . 2 3  (2H, s ,  CH2 ) ,  6 .0 6  (2H, q, CH2-CH3 ) ,  and 2 .5 0 -2 .9 5  (4H, c.m,
a ro m a t ic  p r o t o n s ) ,  J , 0  c . / s e c .  A second  f r a c t i o n ,  b . p .  l 6 4 ° /
“—0 x 1 2  j  O il  3  9
0 .4 5  mm. c r y s t a l l i s e d  from e t h e r - l i g h t  petroleum (b .p . 6O-8 O ) as •. , 
c o l o u r l e s s  n e e d l e s ,  m.p. 49°, and was i d e n t i c a l  i n  a l l  r e s p e c t s  w i th  ■ •
3 - m e t h y l - 3 - o ^ t o l y l b u t y r i c  a c i d  p r e v io u s l y  p r e p a r e d .
3 -M e th y l -3 -o - t o l y b u t a n o l .——E th y l  3 - m e t h y l - 3 - o - to l y lb u ta n o a te  (12 .5  g . ) ,  
d i s s o lv e d  i n  dry e t h e r  (40 m l . ) ,  was added dropw ise  w ith  s t i r r i n g  t o  a 
g e n t ly  r e f l u x i n g  s o l u t i o n  o f  l i t h i u m  aluminium h y d r id e  ( 2 . l 6 g . ) in  d ry  
e t h e r  (60  m l . ) .  A f t e r  com plete  a d d i t i o n ,  t h e  m ix tu re  was r e f lu x e d  and 
s t i r r e d  f o r  2 .5  h r .  The rea ction  m ix tu re  was immersed in  an i c e  b a t h ,  
and e t h y l  a c e t a t e  added dropw ise  t o  decompose ex ce ss  lith iu m  a lu m in iu n  
hydride.. The complex was th e n  decomposed by th e  d ropw ise  a d d i t i o n  o f  6iî~ 
hydrochloric a c i d  w i th  v ig o ro u s  s t i r r i n g  ( i c e  b a t h ) .  A f t e r  s u c c e s s i v e l y  
w ashing  t h e  e t h e r  l a y e r  w i th  w a te r ,  sodium b ic a r b o n a te  so lu tio n  and w ater.
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i t  was d r i e d  and e v a p o r a te d ,  l e a v in g  a  c o l o u r l e s s  l i q u i d  (9 .6  g . , 9 5 # ) ,
A gas l i q u i d  chromatogram o f  t h e  c rude  p ro d u c t  showed i t  t o  be v i r t u a l l y  
p u r e ;  d i s t i l l a t i o n  gave 3- m e t h y l - 3 -o - t o l y l o u t  an o l  as  a c o l o u r l e s s  
l i q u i d ,  b . p .  1 2 0 ° /0 .3  mm. (Found: C, 8 0 .8 ;  H, 1 0 .3 .  ,Ci2nigO r e q u i r e s
C, 8 l .O ;  H, 1 0 .1 # ) ;  3600-3100 ( OH s t r e t c h i n g ) , 1390 and 1365 ( g en -
d im e th y l ) ,  1380 ( r i n g  m e th y l ) ,  and T60 cm.~^ ( r i n g  CH o u t  o f  p la n e  
d e f o r m a t io n s ) ;  A 260 my (2 0 6 ) .  The n . m . r .  sp ec tru m  shows peaks  a t  
T 8 .7 1  (IH , s ,  o n ) , 8.55  (6 h ,  s ,  gem-d i m e th y l ) , 7 .9 0  (2H, t ,  -CHp-CHp-OH), 
7 .4 5  (3H, s ,  r i n g  m e th y l ) ,  6 .5 3  (2H, t ,  -Clip-OH), and 2 .6 0  t o  2 .95
,(4H, c.m , a ro m a t ic  p r o t o n s ) ,  8 .0  c . / s e c .~Ch2 , OH2 ,
1-Brom o-3- m e t h y l - 3 -o - t o l y l b u t a n e .— A s tre o jp  of. hydrogen brom ide
( g e n e r a t e d  by  d ro p p in g  bromine i n t o  d ry  t e t r a l in )  was p a s s e d  i n t o  3 -m e th y l- '
3 -Oj-1 o l y  lb  u t  ano 1 ( 9 .3  g . )  a t  100° u n t i l  t h e  s o l u t i o n  was s a t u r a t e d .  The
rea ctio n  m ix tu re  was c o o le d ,  poured on t o  i c e ,  and e x t r a c t e d  i n t o  e t h e r .
The e t h e r  l a y e r  was w ashed w i th  sodium b i s u l p h i t e  s o l u t i o n ,  and w a t e r ,  and
d r i e d .  The r e s id u e  was shown t o  contain 50# u n r e a c te d  a l c o h o l  (by g . l . c . ) ;
t h e r e f o r e  t h e  whole p ro c e d u re  was r e p e a t e d .  From t h e  r e s i d u e  re m a in in g
a f t e r  t h e  seco n d  brom ination l -b ro m o -3- m e t h y l - 3 -o - t o l y l b u t a n e  (9 .5  g . , 76#)
was i s o l a t e d  by  d i s t i l l a t i o n  as a  c o l o u r l e s s  o i l ,  b . p .  1 0 0 -1 0 2 ° /0 .5  mm.,
b u t  t h i s . s p e c i m e n  was c o n ta m in a te d  w i th  a p p ro x im a te ly  10# o f  t h e  s t a r t i n g
m a t e r i a l  ( g . l . c . )  which i s  r e f l e c t e d  in  t h e  a n a ly s is  (Found: C, 6 2 .5 ;
H, 7 . 4 ;  B r ,  3 0 .0 .  Ci^HiyBr r e q u i r e s  0 ,  5 9 .7 ;  H, 7 .1 ;  B r , 3 3 .3 # ) ;
1390  and 1363 ( gem-d im e th y l ) ,  1382, ( r i n g  m ethyl) ,  and 760  cm.~^ ( r i n g
CH b r e a t h i n g  d e f o r m a t io n s ) ; A S6 l  my (2 3 8 ) .  The n . m . r .  sp ec tru m  shows
• max. . . . .. ■
peaks a t  T 8 .5 5  ( 6H, s ,  gem-d im e th y l ) , 7 .4 7  (3H, s ,  r i n g  m e th y l ) ,  7 . 4 - 7 .8  
and -6 .7 -7 .1  (4 h ,  A2B2 p attern  from CHp-CH?), and 2 .6 -2 .9 5  (4 H ,.c ,m ,  aromatic 
p r o t o n s ) .  ’
4-M ethyl-4-o-1 o ly lv sler ic  A c id .— A so lu tio n  o f  t h e  above brom ide (9 . I  g , ) ,  
potassium  c y a n id e  ( 6 .1  g . ) and e t h y l  a l c o h o l  (225  m l . )  was r e f l u x e d  w i th  
s t i r r i n g  f o r  24 h r .  on t h e  w a te r  b a t h .  The so lv en t was removed in  v a c u o , 
and th e  r e s i d u a l  s l u r i y  d isso lv ed  in  a s m a l l  amount, o f  w a te r .  ‘The s o l u t i o n '  
was e x t r a c t e d  w i th  e t h e r ,  and t h e  ether la y er  washed w ith  w a te r  and d r i e d .  
The product was a co lo u r le ss  l iq u id  (7 g . ,  1 0 0 # ) ,  which was shown by g . l . c .  
to  be m a in ly  one component; t h e  i n f r a r e d  and n . m . r .  s p e c t r a  were c o n s is ten t
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w i th  t h e  s t r u c t u r e  o f  4 - a e t h y l - 4 - o - t o l y l v a l e r o n i t r i l e :  v 2250 (CeN ).— - ’ max. ’
1390  and 1365  ( gem-d im e th y l ) , 1380 ( r i n g  m eth y l), and T60 cm.“  ^ ( r i n g  CH 
o u t  o f  p la n e  d e f o r m a t io n s ) .  Tlie n . m . r .  spec trum  .shows pealis a t  T 8 .5 6  
( 611, s ,  gem-d im e th y l ) , 7 . 6O-8 . I  and 6 . 6 - 7 . 1  (4 h ,  A2B2 p a t t e r n  from CH2-CH2 ) |
7 .4 8  (3 d ,  s ,  r i n g  m e th y l ) ,  and  2 .6  t o  2 .95  (4H, c .m , a ro m a t ic  p r o t o n s ) .
T h is  n i t r i l e  (7 g « ) was b o i l e d  i n  a l c o h o l i c  p o ta s s iu m  h y d ro x id e  (16  g , 
o f  85# p o ta s s iu m  h y d ro x id e  i n  24 ml. a b s o lu t e  e t h a n o l )  f o r  24 h r .  The 
m ix tu re  was p o u red  in to  w a te r  (300  m l . )  and n e u t r a l  m a t e r i a l  removed by  
means o f  e t h e r .  The aqueous la y er  w a s , a c i d i f i e d ,  t h e  p ro d u c t  c o l l e c t e d  
in  e t h e r ,  and t h e  e t h e r  l a y e r  w ashed , d r i e d  and e v a p o ra te d . .  4-M ethy1 - 4 - o -  
t o l y l v a l e r i c a c i d  (3 .9 .  g . ,  50#) d i s t i l l e d  as a  c o l o u r l e s s  o i l ,  b . p . . 1 4 5 ° /  
0 .2  mm. (Found: C, 7 6 .3 ; II, 9 .0 . CigHigOg req u ires C, 7 5 .9 ; H, 8 .7 5 # );
^max 37 0 0 -2 3 0 0  ( a c i d  Oil s t r e t c h i n g ) ,  I 7 IO (C=0), 1390 and I 365 (gem- 
d im ethyl), 1385  ( r i n g  m e th y l ) ,  and 761  cm."”  ^ (r in g  CH o u t  o f  plané  
d e f o r m a t io n s ) ;  A 260  my (2 2 9 ) .  The n . m . r .  sp ec tru m  shows peaks  a t  
T 8 .5 7  ( 6h ,  s ,  gem-d im e th y l ) , 7 .8 8  (4ll, s ,  CH2-CH2 ) , 7 .4 7  (3H, s ,  r i n g  
m e th y l ) ,  2 . 7 - 2 . 9  (4 ll, c.m , a ro m a tic  p r o t o n s ) ,  and 0.15 (IH , b . s ,  COOIl).
4 ,  4 ,  5- T r im e th y l - l - t e t r a l o n e / —F u r i f i e d  t h i o n y l  c h l o r i d e  (3 m l.)  was 
added t o  4 - m e t h y l - 4 - o - t o l y l v a l e r i e  a c i d  ( 2 .9  g . ) d i s s o lv e d  in  anhydrous 
benzene  (lO m l . )  and th e  s o l u t i o n  r e f lu x e d  u n t i l , g a s  ev o lu tion  had ceased  
( a p p ro x im a te ly  1 .5  h r . ) .  The benzene  and ex c e ss  t h i o n y l  c h l o r i d e  were 
removed under reduced p r e s s u r e ,  l e a v ip g  4- m e t h y l - 4 - o - t o l y l v a l e r o y l  c h l o r i d e
as a  p a l e  y e l lo w  o i l ;  v 1795 ( C=0-), 1395 and  1380 (g e m -d im e th y l) ,  and. • . max. 1
765 cm«"l (r in g  CH o u t  o f  p la n e  deform ations).
The acid  c h l o r i d e  (3 .2  g . )  was d i s s o lv e d  in  carbon d isu lp h id e ( l5  m l . )  
and c o o le d  i n  i c e .  Aluminium c h l o r i d e  ( 2 .1  g . ) was added i n  one p o r t i o n ,  
and t h e  f l a s k  imm ediately co n n ec ted  t o  a  r e f l u x  condenser. When t h e  
i n i t i a l  hydrogen  c h l o r i d e  evo lu tion  had ceased , th e  s o l u t i o n  was slow ly  
b ro u g h t  t o  t h e  r e f l u x  temperature which was th e n  m a in ta in e d  f o r  10 min.
• Q  .  .  .  .  *
w ith  shaking. A f te r  c o o l in g  t o  0 *, c ru s h e d  i c e  (20 g . )  and c o n c e n t r a te d  
h y d r o c h lo r i c  a c i d  (2  imL.) were added, and t h e  m ix tu re  allow ed t o  s t a n d  
o v e r n ig h t .  A s u f f i c i e n t l y  large  volume. o f  e t h e r  was added to  d is so lv e  t h e
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carbon  d i s u lp h id e  l a y e r  c o n ta in in g  th e  p r o d u c t . The o rg a n ic  l a y e r  was 
s u c c e s s iv e l y  washed w i th  w a te r ,  aqueous sodium h y d ro x id e ,  and w a te r ,  
and was d r i e d .  A f t e r  rem oval o f  t h e  s o lv e n t s  th e  r e s id u e  was d i s t i l l e d  
t o  g iv e  4 , 4, 5- t r i m e t h y l - l - t e t r a l o n e  (2 .9  g . ,  100#) as  a' c o l o u r l e s s  ' ' 
o i l ,  b . p .  1 0 3 -1 0 5 ° /0 .3  mm. (Found: C, ,8 3 .0 ;  H, 8 . 8 . C13II15O r e q u i r e s
C, 8 2 .9 ;  H, 8 . 5# ) ;  1690  (C=0) and 795 cra."^ ( r i n g  CH o u t o f  p la n e
d e fo rm a t io n s ) ;  294 ( l , 6 4 o )  and 253 my ( l 0 , 5 0 0 ) .  The n . m . r .
spec trum  shows peaks a t  T 8 .48  ( 6h ,  s ,  gem-d im e th y l)  , 7 . 9 9  (2H, t ,  CHp-C H ;-^ - ) . ,
7 .4 2  ( 3IÎ, s ,  a ro m a t ic  r i n g  m e th y l ) ,  7 .2 8  (2H, t ,  Œ I2 - d - )  » 2 .5 -2 .9 5
(2H, c .m , p ro to n s  6 and 7 ) ,  and 1 . 9 - 2 . 1  (IH , d. o f  d ,  p ro to n  8 ) ,
, . - . '-Ch2 , Cil2 ,
8 .0  c . / s e c .  ' . • ■ '
i 1 ,  4-P ih y d ro -4 , 4 , 5- t r i m e t h y l - l -oxonaphthalene  .-—4, 4 , 5 - T r i m e t h y l - l -  
t e t r a l o n e  ( 2 .9  g . ) was b ro m in a te d  in  e t h e r e a l  s o l u t i o n  i n  e x a c t l y  t h e  
same manner as d e s c r ib e d  p r e v io u s l y  f o r  t h e  4, 4 , 6- i s o m e r ,  u s in g  brom ine 
( 2 .6 7  g . ) .  Tiie p ro d u c t  c r y s t a l l i s e d  on c o o l in g  in- i c e ,  and s e p a r a t e d  from 
m ethano l as c o l o u r l e s s  n e e d le s  (3 .5  g . , 84#). m.p. 107° ( s in t e r e d  89° ) ;
(N u jo l)  1695  (C=0); and 770 cm.~^ ( r i n g  CH o u t o f  p la n e  d e f o r m a t io n s ) ;
V a x  3 0 5 , (4 5 7 )» and 258 my ( 9OOO). The a n a l y s i s  i n d i c a t e d  t h e  p re s e n c e
o f  a s m a l l  amount o f  dibromo-compound, w hich co u ld  n o t  be s e p a r a t e d  from
t h e  r e q u i r e d  (m ajo r)  component. The n . m . r .  sp ec tru m  showed t h a t  th e  
m a t e r i a l  was m a in ly  2-b rom o-4 , 4 ,  5- t r i m e t h y l - l - t e t r a l o n e , T 8 .4 2  and 8 .3 2  
( 6h ,  2s , gem-d im e th y l ) , 7 .4 2  (3H, s ,  a ro m a tic  r i n g  m e th y l ) ,  7 . 4 - 7 .6  
(2H, c .m , CK2 ) ,  4 . 7 - 5 . 1  ( IH , d . o f  d ,  CHBr) ,  2 . 5 - 2 . 9  (2E, c .m , p ro to n s  6 and
7) 9 and 1 . 8 - 2 . 1  (IH , d .  o f  d ,  p ro to n  8 ) ,  ’ ■ 7 .5  and 1 1 .5  c . / s e c .  '• " . ’
*—Wxx ,  U iip  ,
(The CII2 m u l t i p l e t  was p a r t i a l l y  o b scu red  by th e  a ro m a t ic  r i n g  m e thy l 
a b s o r p t i o n ) .
The above p ro d u c t  (1 .5  g . ) was dehydro b ro m in a ted  by means o f  y - c o l l i d i n e  
(20  m l . )  as d e s c r ib e d  f o r  th e  4 ,  4 ,  6- i s o m e r .  Tiro compounds were i s o l a t e d  
from t h e  r e a c t i o n  p ro d u c t  by f r a c t i o n a l  d i s t i l l a t i o n :  ( i )  1 , 4- d i h y d r o - 4 ,
4 ,  5- t r i m e t h y l - l -o x o n a p h th a le n e  ( 0 .7  g . .) was o b ta in e d  as a c o l o u r l e s s  . 
l i q u i d ,  b . p ,  9 8 - 1 0 2 ° /0 .2 mm. (Found: C, 8 3 .8 ;  II, 7 . 5 .  C13H14O r e q u i r e s
C, 8 3 . 9 ; H, 7 . 5# ) ;  V 1665  ( C=0), 1632  (C=C), 1385  and 1365 ( gem-d i m e t h y l ) ,max.
1375 (a ro m a t ic  r i n g  m e th y l ) ,  and 795 c m .- l  ( r i n g  CH o u t  o f  p l a n e .d e f o r m a t i o n s )
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A 270  ( 5 , 7 8 0 ) and 240 my ( 7 ,2 0 0 ) .  The n . n . r .  sp ec tru m  shows peaksUlcluC #
a t  T 8 . 4 l  (6h , s , gem-d im e th y l ) , 7 «36 (3H, h . s ,  a ro m a t ic  r i n g  m e th y l ) ,
3 .6 3  (IH , d ,  p ro to n  2 ) ,  3 .13  ( l H , d ,  p ro to n  3 ) ,  2 .5 - 2 . 8  (211, c .m , 
p ro to n s  6 and 7 ) ,  a n d .1 . 7 - 1 . 9  ( lE ,  d. o f  d ,  p ro to n  8 ) , .  £ 2 , 3, 1 0 ,0  c . / s e c . ; -  ' 
( i i )  t h e  f r a c t i o n ,  h . p .  1 3 0 ° /0 .2  mm. was i d e n t i f i e d  as 2-hrom o-l ,  4- 
d ih y d r o - 4 ,  4 ,  5- t r i m e t h y l - l -o x o n a p h th a le n e  (O . l  g . ) ,  m .p . 93° (from  
e th a n o l )  (Found: C, 5 8 . 6 ; H, 5 .0 ;  B r,  3 0 .0 # .  OigEigOBr r e q u i r e s  C, 5 8 . 8 ;
E, 4 .9 ;  Br, 3 0 . 2 # );  V  ^ 1665  (0= 0), 1&32 (C=C) and 8 OO and 770 cm .-lmax.
( r i n g  CH ou t o f  p la n e  d e fo rm a t io n s ) ;  A^^ 257 my ( l 0 , 6 0 0 ) .  The n .m .r.
spectrum shows pealis a t  T 8 .35  (uH, s , gem-d im e th y l ) , 7 .34  (3H, s , a ro m a tic  
r i n g  m e th y l ) ,  2 .4 -2 ,9  (3E, c.m , protons 3 , 6 and 7 ) ,  and 1 .6 -1 .9*  (IH , d.; o f  
■d, proton 8 ) .  . . : y
Preparation o f  1 ,  2-D ih y d ro - l ,  1 ,  8-tr im e th y l-2-oxOnaphthalcne ,
o- T o l y l a c e t i c  A c id .— th y I h enzy 1 cyanide^^ was prepared i n  82 .5#
y i e l d  from o-m ethylhenzyl bromide (26  g . )  a c c o rd in g  t o  a  Imown p r o c e d u r e ;^ ?
V ta, 2250  (ChH), and 745 cm."^ ( r i n g  CH o u t  o f  plane deform ations ) . Tliis . max.
compound ( 1 2 . 2 g . )  was hydrolysed by means o f  c o n c e n t r a te d  s u lp h u r i c  a c i d -  
g l a c i a l  a c e t i c  acid-w ater i n  t h e  usual manner,^8 and t h e  a c i d  i s o l a t e d  by 
way o f  i t s  sodium s a l t ;  t h e  n eu tra l r e a c t i o n  p ro d u c t  was i d e n t i f i e d  ( i n f r a ­
r e d )  as O j- to ly lace tam id e  (3 .6  g . ) .  e - T o l y l a c e t i c  acid®^ was p u r i f i e d  by 
d i s t i l l a t i o n  r a t h e r  than, by c r y s t a l l i s a t i o n  from water; t h e  d i s t i l l a t e ,  
b . p .  1 1 5 - l l 8° / 0 . 8  mm. was a  c o lo u r le s s , v is c o u s  l i q u i d  (7 .4 5 .g . ,  54#)
which s o l i d i f i e d ,  m .p . 88° ( i d e n t i c a l  w i th  l i t , ^ ^ ) ;  v 3600 -2000  ( a c i d, . . max. . . • •
OH s t r e t c h i n g ) ,  l695  (C=0) and 745 cm.~^ ( r i n g  CH o u t o f  p la n e  d e f o r m a t io n s ) ;  
V a ^  263  my ( 2 6 7 ) .  The n . m . r .  spec trum  shows peaks  a t  T 7 .6 9  (3H, s ,  CIÎ3 ) ,  
6 .3 4  ( 2H, 8 , CÎI2 ) ,  2 . 7 8  ( 4 n , s , a ro m a tic  p r o t o n s ) ,  and - 0 . 9  ( H I, b .s ,  COOIl).
, 8 -M eth y l-2 -te tra lo n e .— o - T o l y l a c e ty l  ch lorid e  was prepared in  100# y i e l d  
from t h e  c o r re s p o n d in g  a c i d  (7  g . ) and p u r if ie d  t h i o n y l  c h l o r i d e  (8 m l . )  i n  
b e n ze n e ;  v 1795 (C=0), 1380 (CH3 ) ,  and 745 cm.~^ (r in g  CH out o f  p la n e
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d e f o r m a t i o n s ) . This  w a s -c o n v e r te d  i n t o  th e  r e q u i r e d  3 - t e t r a l o n e  d er iv a tiv e  
by th e  g e n e r a l  method o f  B u r c k h a l te r  and C a m p b e l l . A s o l u t i o n  o f  t h e  above 
a c i d  c h l o r i d e  (7 . 9  g . )  i n  carbon d isu lp h id e (1 5 O m l. ) was added dropwise i n t o  
a s t ir r e d  suspension o f  powdered anhydrous aluminium ch lor id e  ( 1 2 . 5 g . )  i n
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carbon  d i s u lp h i d e  (1 9 O m l . ) ,  immersed i n  an i c e  b a t h .  E th y le n e ,  d r i e d  
o v e r  magnesium p e r c h l o r a t e ,  was p a s s e d  i n t o  th e  m ix tu r e ,  w i th  s t i r r i n g ,  
f o r  4 h r .  (hydrogen  c h l o r i d e  e v o lu t io n  c e a se d  a fte r  45 m i n . ) .  The 
d a rk  r e d  m ix tu re  was p ou red  on t o  i c e  and c o n c e n t r a t e d  h y d r o c h lo r i c  ac id ,  
( l : l ) ,  and th e  p ro d u c t  e x t r a c t e d  w ith e t h e r .  The e x t r a c t  was washed 
w i th  aqueous sodium h y d ro x id e  and w a te r ,  and d r i e d .  A f t e r  rem oval o f  ' 
t h e  s o lv e n t , t h e  r e s id u e  was d i s t i l l e d  i n  an a tm osphere  o f  n i t r o g e n ;  
t h e  f r a c t i o n ,  b . p .  9 2 -9 3 ° /0 .2 5  mm. was t r e a t e d  w i th  a s a t u r a t e d  aqueous 
e t h a n o l i c  so lu tio n  o f  sodium b i s u l p h i t e .  The k e t o n ic  m a t e r i a l  i s o l a t e d  
i n  t h i s  manner w as, a f t e r  r e g e n e r a t i o n ,  a yellow  o i l  d i s p e r s e d  w i th  
c r y s t a l s .  T r i t u r a t i o n  w ith  l i g h t  p e t ro le u m  ( b .p .  40 -6 0 °)  e f f e c t e d  a  
; s e p a r a t i o n  i n t o  ( i )  a  c r y s t a l l i n e  component, and ( i i )  a  y e l l o w . o i l  which 
{remained a f t e r  evaporation o f  t h e  s o l v e n t ,  ( i )  R e c r y s ta llisa t io n  o f  t h e  
s o l i d  from l i g h t  p e t ro le u m  ( b .p .  40~60°) y i e l d e d  C^ m e th y l - f - t o t r a l o n e  
( 1 .8  g . , 23#) as c o l o u r l e s s  n e e d l e s ,  m .p . 75° (Found: C, 8 2 .1 ;  H, 7 . 4 .
C11H12O r e q u i r e s  C, 8 2 .5 ;  E, 7 . 5 # ) ;  (N u jo l) .  1705 (C=0) and 775 c m .- l
( r i n g  CH o u t  o f  p la n e  d e f o r m a t io n s ) ;  A 270 (220) and 264 my (2 5 5 ) .
The n . m . r .  spectrum shows pealis a t  T 7 .85  (311, s ,  CH3 ) ,  6 . 7 - 7 .6  (4ll, A2B2 
p a t t e r n  from CH2-CH2 ) ,  6 .48  ( 2E, s ,  CI12 p o s it io n  l ) ,  and 2 . 8 6  (SH, s ,  
protons 5 ,  6 and 7 ) .  ( i i )  The yellow  o i l  was found (by com parison  o f  i t s  
s p e c t r a  w i th  th o s e  o f  an a u t h e n t i c  sample prepared l a t e r )  t o  be m a in ly
5 - m e t h y l - 2 - t e t r a lo n e 9 7  admixed w i th  a s m a l l  amount o f  t h e  8- i s o m e r ;  vmax.
1 7 2 0 /(C=0) and 775 cm.~^' ( r i n g  CH o u t  o f  p la n e  d e f o r m a t io n s ) .  The n . n . r .  
sp ec tru m  shows peaks  a t  T 7*65 (3H, s ,  CII3 ) ,  6 . 7 - 7 .6  ( 4 e ,  A2B2 p attern  from 
CH2-CE2 ) ,  6 .4 2  (2H, s ,  CH2 p o s it io n  l) . ,  2 .5 -3 .2  (3E,. c.m, p ro to n s  6 , 7 and •
1 ,  2-D ih y d ro - l , 1 ,  8- t r i m e t h y l - 2- o x o n a p h th a lene . - —A procedure d e s c r ib i n g  
t h e  sy n th es is  o f  1 , l - d i m e t h y l - 2- t e t r a l o n e ^  ^ was used f o r  t h e  preparation  
o f  1 ,  1 , 8 -tr im e th y l-2 -te tr a lo n e . A so lu tio n  o f  8 - m e t h y l - 2 - t e t r a l o n e  ( 5 .7  g . )  
and m ethy l io d id e  ( 5 .5  m l . )  i n  dirj benzene  (40 m l . )  was co o led  in  an i c e  b a th  
w i th  s t i r r i n g ,  and t h e  a i r  th o ro u g h ly  swept from t h e  s y s te m .w i th  d ry  , 
n i t r o g e n .  The i n t e r n a l  te m p e ra tu re .w a s  k e p t  a t  2° w h ile  sodium hydride 
( 5 .5  g . 9 50# s u sp e n s io n  in  o i l )  was added in  sm all portion s o v e r  a period o f  
15 min. The rea ctio n  was e x o th e rm ic ,  and an im m ediate  r i s e  in  t e m p e ra tu r e
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was o b se rv e d .  The i c e  b a t h  was g r a d u a l ly  re n o v e d ,  and t h e  s t i r r i n g
c o n t in u e d  f o r  1 .25  h r .  a t  room tem perature. Care must be t a k e n  a t
t h i s  p o i n t ,  as th e : ' t e m p e ra tu re  can r i s e  su dden ly  and m a rk e d ly .  The
m ix tu re  was th e n  r e f l u x e d  f o r  1  h r . ,  and t h e  c o lo u r  became p a le  " '
o ra n g e .  A f t e r  c o o l in g ,  g l a c i a l  a c e t i c  a c i d  (6 .3  m l . )  was added dropwise.
t o  t h e  m ix tu re  w i th  s t i r r i n g  and c o o l in g ,  whereupon a  hard cake form ed.
A few drops o f  c o n c e n t r a te d  h y d r o c h lo r i c  a c i d  w ere added , fo l lo w e d  by
w a te r  ( l3  m l . )  and e t h e r .  The e t h e r  l a y e r  was washed w i th  aqueous
sodium b i c a r b o n a t e  and w a te r .  A f te r  d r y in g , th e  s o lv e n t  was removed, and
th e  r e s i d u e  d i s t i l l e d .  The f r a c t i o n ,  b . p .  9 0 -9 2 /0 .2 5  mm. was shaken  w i th
c o n c e n t r a t e d  aqueous e t h a n o l i c  sodium . b i s u l p h i t e ;  th e  a d d i t i o n  complex •/ .
. s o l i d i f i e d  o n ly  on c o o l in g  in  d ry  i c e ,  and was rap id ly  f i l t e r e d  and
:washed. The k e to n e  l i b e r a t e d  from th e  b isu lp h ite  complex was o b ta in e d  as
a  c o l o u r l e s s  o i l  ( 5*5 g . , 82# ) ,  and gave i n f r a r e d  and n . m . r .  s p e c t r a  which
were c o n s i s t e n t  with t h e  stru ctu re  o f  1 , 1 , 8~ t r i m e t h y l - 2~ t e t r a l o n e ;  v’ * * max,
1710 (C=0), 13 8 0  and I 365  ( gem-d im e th y l ) , 1370 (a ro m a t ic  rin g  m eth y l)  and
780  cm.“  ^ ( r i n g  CH o u t  o f  plane d e fo rm a t io n s ) .  Tlie n . m . r .  spectrum shows
peaks  a t  T 8 ,4 2  ( 6II, s ,  gem-d im e th y l ) , 7*45 ( 3H, s , a ro m a tic  r i n g  m e th y l ) ,
6 .8 -7*4  (4 h ,  A2B2 p a t t e r n  from CHp-CHp) , and 2 .9 2  ( 3H, c .m , protons 5, 6
and 7 ) '  In view o f  i t s  i n s t a b i l i t y ,  t h i s  compound was im m ed ia te ly  u sed
f o r  t h e  n e x t  s t a g e .  Bromine ( 4 ,7  g . ) was added d ropw ise  t o  a  so lu tio n  o f
1 ,  1 ,  8- t r i m e t h y l - 2 - t e t r a l o n e  (5*5 S*) i u  anhydrous e t h e r .  A f t e r  s ta n d in g
a t  room te m p e ra tu r e  o v e rn ig h t  hydrogen  brom ide was removed by a  s t r e a m  o f
n i t r o g e n ,  and th e  e t h e r  e v a p o ra te d .  The cru d e  r e s i d u e  was d is s o lv e d '  i n  a
m ix tu re  o f  l i g h t  petroleum ( b .p .  60- 80"°) and b e n z e n e ,  and was absorbed on
alumina (1 2 0  g . )  packed i n  l i g h t  p e t ro le u m  (b .p . 60- 80° ) ;  t h e  p ro g r e s s  o f
t h e  ch rom a to g rap h ic  s e p a r a t i o n  was fo l lo w e d  by in frared  s p e c t ro s c o p y .  I n
t h i s  manner i t  was esta b lish ed  t h a t  m ix tu re s  o f  l i g h t  p e t ro le u m  -  b enzene
e l u t e d  mono-and d ib r o m o - 3 - t e t r a lo n e  d e r i v a t i v e s  (C=0, 1710 c m .~ H ,
w h i le  b e n z e n e - e th e r  m ix tu re s  e l u t e d  compounds c o n t a in in g  a conjugated
c a rb o n y l  group (v 1660  c n ." M  and do u b le  bond (v 1595 cm,~^) , i . e .• . • max, ' _ * max.-. _ * —
dehydrobromination had occurred on th e column. The dehydrobrominated
p r o d u c t  was found t o  c o n ta in  some brom ine ( B e i l s t e i n  t e s t )  and was t h e r e -
f e r e  e v a p o r a t i v e l y  d i s t i l l e d ;  1 ,  2 - . ç U l 2 % ^ - l ,  1 ,
. i 4 o H V / bjk:
( 0 .9  g * > IT#) was th u s  i s o l a t e d  as a  c o l o u r l e s s  o i l ,  h . p .  102-104°
( h a t h ) / 0 . 4  mm. (Found; C, 8 3 . T; H, 7 .8 .  CigHi^O r e q u i r e s  C, 8 3 .9 ;
H, 7 . 5#) V 1660  (C=0), 1595  (C=C), 1385  and 1360  (g e m -d im e th y l) ,
l i i c l X  #  ~  B n -w
1370  ( a ro m a t ic  r i n g  m e t h y l ) , ' and 795 .and T60 cm.“  ^ ( r i n g  CH o u t o f
p la n e  d e f o r m a t io n s ) ;  X 310 (9 ,3 8 0 )  and 2 3 5 'my (1 0 ,9 8 0 ). T h e 'n .m . r , 'max,
sp ec tru m  shows peaks  a t  T 8 ,4 2  (6e ,  s , gem-d im e th y l ) ,  7 . 4 l  (3K, s ,  
a ro m a tic  rin g  m e th y l ) ,  3 .8 2  ( iH ,  d ,  p ro to n  3 ) ,  2 ,8 0  ( 3K, s ,  a ro m a t ic  
p ro to n s  5 , 6 and 7) and 2 ,5 8  (IH, d ,  p ro to n  4 ) ,  £ 3  10 ,5  c . / s e c .
P r e p a r a t i o n  o f  1 ,  2- D i h y d r o - l , 1 ,  6- t r i m e t h y l - 2-o x o n a p h th a le n e
T h is  compound was p r e p a re d  i n  e s s e n t i a l l y  t h e  same manner as t h e  
c o r re s p o n d in g  1 , 1 , 8- i s o m e r  p r e v io u s l y  described , ' '
1 ,  1 ,  o- T r i m e t h y l - 2- t e t r a l o n e .— n - T o l y l a c e t i c  a c i d  was p r e p a r e d  in  an 
o v e r a l l  y i e l d  o f  54# from p -m e th y lb e n z y l  brom ide by  way o f  th e  
c o r re s p o n d in g  n i t r i l e .  For a n a l y s i s  by g . l . c .  a s m a l l  sample o f  t h e  
a c i d  was c o n v e r te d  i n t o  t h e  m e thy l e s t e r ,  and was found t o  be  p u r e ,  
u s in g  t w o 'd i f f e r e n t  s t a t i o n a r y  p h ases  ( Carbowax 20M and Apiezon L ) ;
V a x  1700  (C=0), 930  cm ." l ( a c i d  Oil d e f o r m a t io n ) ,  and 805  cm."*^
( r i n g  CH o u t  o f  p la n e  d e f o r m a t io n s ) ;  273 (2 8 2 ) ,  and 264 my ( 2 9 6 ) .
The n . m . r .  sp ec tru m  shows peaks at T 7 .6 9  (311, s ,  CII3 ) ,  6 .4 2  (2H, s ,  CII2 ) , 
2 .8 7  (4 h ,  s ,  a ro m a tic  p r o t o n s ) ,  and 0 .6  (IH , b ,  COOH).
Tliis acid  was c o n v e r te d  i n t o  t h e  c o r re s p o n d in g  a c i d  c h l o r i d e  ( 88#) in
th e  u s u a l  m anner, b . p .  7 3 -7 5 /0 .5  mm.; u I 8 OO (C=0), and 820 and
810  c m . " l . ( r i n g  CH o u t  o f  p la n e  d e fo rm a t io n s ) ;  X 331 ( l l O ) ,  273 (4 5 0 ) ,• . max.
and 264 my (5 0 4 ) .  The n . m . r .  spectrum shows peaks  a t  T' 7 . 67 (3H, s , CII3 ) ,  
5 .9 3  (2H, 8 , CII2 ) ; and 2 .85  (4H, s ,  a ro m a tic  p r o t o n s ) .
p - T o l y l a c e t y l  ch lor id e  (3 4 .0  g . ) ,  d i s s o lv e d  in  carbon  d isu lp h id e (600  m l . )  
was r e a c t e d  w i th  e th y le n e  in  th e  p r é s e n c e  o f  aluminium c h l o r i d e  ( 5 3 .2  g . ) 
su spended  i n  t h e  sane  s o lv e n t  (8 OO m l.) ;  a f t e r  th e  u s u a l  work-up t h e  
p ro d u c t  d i s t i l l e d  ( n i t r o g e n )  as a y e l lo w  o i l ,  b . p .  9 6 - 9 8 ° /0 .3  mm. A f te r  
p u r i f i c a t i o n  by way o f  th e  b i s u l p h i t e  a d d i t i o n  com plex, G -m 'e th y l -O - te t ra lo n e
was is o la te d  in  51# y ie ld ;  u _ 1725 (C=0), and 815 c m , ( r i n g  CH out o fmax.
plane deform ations); X 276  (532) and 270 my (5 7 0 ), The n .m .r, spectrum  . max.
-  l 4 l
shows peaks a t  T T. 7 0  (3H, s ,  C1I3 ) ,  6 . 8-7• 7 (4 h ,  A2B2 p a t t e r n  from 
CE2-CH2 ) ,  6 ,5 0  ( 2H, s ,  CE2 p o s i t i o n  1 ) ,  and 3 .0 1  ( 3E, s ,  a ro m a tic  
p r o t o n s ) .
The fo r e g o in g  t e t r a l o n e  (1 6 .O g . ) was d i n e t h y i a t e d  in  ah ana lagous  
manner t o  t h a t  'd e s c r ib e d  f o r  8-m ethyilr-2-te tra lone. D i s t i l l a t i o n  o f  
t h e  r e a c t i o n  p ro d u c t  gave a c o l o u r l e s s  l i q u i d  (1 5 .7  g . ) ,  b . p .  9 4 -9 8 ° /
0 .2 5  mm.; from which a b i s u l p h i t e  a d d i t i o n  complex s e p a r a t e d  as a 
s o l i d  on c o o l in g  in  an i c e - s a l t  b a t h ;  c a re  was n e c e s s a r y  in  w ashing 
t h e  p r e c i p i t a t e  as  i t  was a p p r e c ia b ly  s o lu b le  in  e t h e r .  On regen eration , 
p u re  1 , 1 , 6- t r i m e t h y l - 2- t e t r a l o n e  ( l 3 .0  g . , 69#) c r y s t a l l i s e d  as 
c o l o u r l e s s  n e e d l e s ,  m .p . 4 l °  (Found: C, 8 3 .4 ;  H, 8 . 5 . CqglligO r e q u i r e s  '
0 ,  8 3 . 0 ;  H, 8 . 5# ) ;  (N u jo l)  1720 (C=0), and 820 cn.-*"^ ( r i n g  CH o u t
o f  p la n e  d e f o r m a t io n s ) ;  276 ( 5 6 1 ) and 267 my (5 4 0 ). The n .m . r .
sp ec tru m  shows peaks  a t  T 8 . 6 O ( 61I, s , gem-d im e th y l ) ,  7 .6 9  (3H, s ,  a ro m a tic  
r i n g  m e th y l ) ,  6 . 8 - 7 .6 (4H, A2B2 p a t t e r n  from CE2-CH2 ) ,  and 2 . 6 - 3 . 1  (3H, c .m , 
p ro to n s  5 » 7 and 8 ) .
1 ,  2-D ih y d ro - l , 1 ,  6- t r i m e t h y l - 2-o x o n a p h th a le n e .— The above t e t r a l o n e  
( 2 .3  g . ) was b ro m in a te d  i n  carbon  t e t r a c h l o r i d e  s o l u t i o n  under  th e  
c o n d i t io n s  d e s c r ib e d  f o r  t h e  b ro m in a t io n  o f  1 , l - d i m e t h y l - 2- t e t r a l o n e .
V 1730  and 1720  (C=0, d ) , I 385  and 1360  (gem-d im eth y l) , 1380 (a ro m a t icÎÏ1Q.X •
r i n g  m e t h y l ) , and 820 cm."^ ( r i n g  CH o u t o f  p la n e  d e f o r m a t io n s ) .  The n . m . r .  
spec trum  shows peaks  a t  T 8 .5 8  and 8 .4 2  (oH, 2 s ,  gem-d i m e t h y l ) , 7 .6 5  (3H, s ,  
a ro m a t ic  r i n g  m e th y l ) ,  6 . 4 - 6 .7  (2H, c .m , CH2 ) .  .5 .0 -5 .3  (IH , .d. o f  d ,_C E -D r),  
and 2 . 78 - 3 .0 2  (3H, c .m , p ro to n s  5s 7 and. 8 ) .  The .g . l .  chromatogram .of t h e • 
c rude  p ro d u c t  (3  g . ) i n d i c a t e d  t h a t  t h e  d e s i r e d  bromo-compound was 
c o n ta m in a te d  w i th  s m a l l  amounts o f  s t a r t i n g  m a t e r i a l ,  and a h ig h e r  b o i l i n g  
component which was l a t e r  r e c o g n i s e d  t o  be 3 , 3- d ib r o m o - l ,  1 , 6- t r i m e t h y l - 2~ 
t e t r a l o n e .  .
A f te r  t r e a tm e n t  o f  t h e  fo re g o in g  p ro d u c t  (2 .9  g . ) with b o il in g  y - c o l l i d i n e  
f o r  1 .5  h r .  a brown v is c o u s  o i l  ( 2 .1  g . )  was i s o l a t e d  which was shown, by ' 
g . l . c .  t o  contain  t h r e e  com ponents. A s o l u t i o n  o f  t h i s  m a t e r i a l  ( l - .7 - g . )  in  
l i g h t  p e t ro le u m  ( b .p .  40-60°)was a b so rb ed  on to  an a lum ina  column (35 g . ) 
packed  in  t h e  same s o l v e n t .  T h is  was e l u t e d  f i r s t  w i th  l i g h t  p e t ro le u m  
(b .p . 4 0 - 6 0 ° ) ,  fo l lo w e d  by m ix tu re s  o f  l i g h t  p e t ro le u m -b e n a e n e  in  varying
r a t i o s  b e g in n in g  w ith  9 :1  and f i n i s h i n g  w i th  1 :4 .  The e a r l i e r  e l u a t e s
were i d e n t i f i e d  by n . m . r .  as m ix tu re  o f  1 , 1 , 6- t r i m e t h y l - 2- t e t r a l o n e
and 3 -b ro m o - l ,  2 - d i h y d r o - l ,  1 ,  6 - t r i m e th y l - 2 - o x o n a p h th a l e n e ; th e  l a t e r
e l u a t e s  ( s o lv e n t  m ix tu re  r a t i o  1 : 1 ) c o n ta in e d  t h e  d e s i r e d  1 , 2- d ih y d r o - l ,
1 ,  6- t r i m e t h y l - 2-o x o n a p h th a le n e  ( l .O  g . ) -which d i s t i l l e d  as. a c o l o u r l e s s ,
v is c o u s  o i l ,  b . p .  1 0 2 -1 0 5 ° /0 .2 5  mm. (Found: C, 8 3 .7 ;  H, 7 .8 .  C13H14O
r e q u i r e s  C, 8 3 .9 ;  7 * 5# );  v 166O (C=0), 161O (C=C), 1390 and I 360
max.
. ( gem-d i m e t h y l ) , 1380 ( a ro m a t ic  r i n g  m e th y l)  and 835 c m . ( r i n g  CH o u t 
o f  p la n e  d e fo r m a t io n s ) ;  305 (1 0 ,000 )  and 242 my (1 2 ,4 0 0 ) .  The n . m . r .
sp ec tru m  shows peaks a t  T 8 .5 6  ( 6h ,  s ,  gem-d im e th y l ) ,  7 .6 3  ( 3H, b . s ,  
a ro m a t ic  r i n g  m e th y l ) ,  3 .82  (IH , d ,  p ro to n  3 ) ,  2 . 4 - 2 . 9  (4 n ,  c .m , p ro to n s  ^4,
5 , 7 and 8 ) ,  £ 3 ^4  ^ 9 .0  c . / s e c ,  . . ■
ifnen th e  b ro m in a t io n  and dehydrobromination; were r e p e a t e d  on a  c o n s id e r a b ly
l a r g e r  s c a l e  ( s t a r t i n g  w ith  1 0 .0  g:. o f  1 , 1 , 6- t r i m e t h y l - 2- t e t r a l o n e ) , t h e
ab ove-m en tioned  d i f f i c u l t i e s  were n o t  e x p e r ie n c e d  and 1 , 2- d i h y d r o - l , 1 , 6 -
t r î n e t h y l - 2-o x o n a p h th a le n e  was i s o l a t e d  in  a  p u re  s t a t e  by f r a c t i o n a l  , ^
d i s t i l l a t i o n  in  60# y i e l d .  >
P r e p a r a t i o n  o f  1 ,  2-D ih y d ro - l ,  1 ,  7- t r i m e t h y l - 2-o x o n a p h th a le n e
T his  compound was p r e p a re d  under  s i m i l a r  c o n d i t io n s  t o  t h o s e  d e s c r ib e d  
b e f o r e  f o r  t h e  1 , 1 , 8 - i s o m e r ,  ex c e p t  t h a t  a  commercial sample o f  m - t o l y l a c e t i c  
a c i d  was u se d  as th e  s t a r t i n g  m a t e r i a l .
7-M e th y l -2- t e t r a l o n e .— m - T o ly la c e t i c  a c i d  ( '25 'g . )  was c o n v e r te d  in  96#
y i e l d  i n t o  t h e  c o r re s p o n d in g  a c i d  c h l o r i d e ,  b . p .  55° / 0 .2  mm.; v _ 1805max.
(C=0) and JoO cm.“  ^ ( r i n g  CH o u t  o f  p la n e  d e f o r m a t io n s ) .  The n . m . r .  sp ec tru m  
shows peaks  a t  T 7 .6 5  ( 3H, s , CII3 ) ,  5 .9 2  ( 2H, s , CII2 )., end 2 . 5 - 3 . 1  (4 h ,  c .m , 
a ro m a tic  p r o t o n s ) .  T h is  was t r e a t e d  w i th  e th y le n e  in  th e  p r e s e n c e  o f  ' 
aluminium c h l o r i d e ,  and th e  r e s u l t i n g  m ix tu re  o f  i s o m e r ic  3- t e t r a l o n e s  was 
p u r i f i e d  by  d i s t i l l a t i o n ;  th e  f r a c t i o n  ( l 6 . 3  g . ) ,  b . p .  9 5 -9 7 ° /0 .1 5  imri. 
s o l i d i f i e d .  C r y s t a l l i s a t i o n  from l i g h t  p e t ro le u m ,  b '.p .  60-80°  y i e l d e d  7-. .
m e th y l - 2- t e t r a l o n e  (1 2 .8  g . , 50#) as c o l o u r l e s s  p l a t e l e t s ,  m .p . 52° (Found:' • 
C, 8 2 . 1 ;  H, 7 . 5 . C11H12O r e q u i r e s  C, 8 2 .5 ;  H, 7 . 5 # ) ;  V^ax, (N u jo l)  1730
(C=0), and 8 l4  cm .- l  ( r i n g  CH o u t  o f  p la n e  d e fo rm a t io n s ;  A 277 (6 9 5 ) ,  end
C •
270  my. (7 5 0 ) .  The n . m . r .  sp ec tru m  shows peaks a t  T 7 .6 5  (3H, s ,  CH3 ) ,
6 . 7 - 7 . 6  (4 n ,  A2B2 p a t t e r n  due t o  CHp-CIIy ) ,  6 .45  (2H, s ,  CH2 p o s i t i o n  l )  , 
and 2 . 7 - 3 . 1  ( 3K, c .m , p ro to n s  5 , 6 and 8 ) .
The 2 ,  4- d in i t r o p h e n y lh y d r a z o n e  c r y s t a l l i s e d -  from h e n zene - l i g h t  p e t ro le u m  
( b .p .  60- 80° )  as o range  n e e d l e s ,  m .p . 206° (Found; C, 6 0 . I 3 H, 4 . 7 ;
N, 1 6 . 3 . Cj 7H10Îîi^ Oij requires C, 6O.O; E, 4 .7 ;  ÎÎ, 1 6 . 5# ) .
E v a p o ra t io n  o f  t h e  m other l i q u o r  rem a in in g  from t h e  c r y s t a l l i s a t i o n  o f  
7- m e th y l - 2- t e t r a l o n e  l e f t  a  y e l lo w  o i l  which gave an i n f r a r e d  sp ec tru m  w hich , 
i n d i c a t e d  t h a t  i t  was a  m ix tu re  o f  5- m e th y l - 2- t e t r a l o n e  ( s e e  l a t e r )  and 
7- m e t h y l - 2“ t e t r a l o n e .
1 ,  2-D ih y d ro - l ,  1 ,  7- t r i m e t h y l - 2-o x o n a p h th a le n e .— 7 - M e th y l - 2 - t e t r a l o n e  
( 6 .8  g . )  was m e th y la te d  as u s u a l  and th e  p ro d u c t  d i s t i l l e d  under  n i t r o g e n  
as a c o l o u r l e s s  l i q u i d  (6 .2  g . ) ,  b . p .  9 2 ° /0 .3  mm. The k e to n ic  m a t e r i a l  was 
i s o l a t e d  by  way o f  t h e  b i s u l p h i t e  a d d i t io n  com plex, which s o l i d i f i e d  on 
c o o l in g  in  dry i c e .  The r e g e n e r a t e d  m a t e r i a l  (5 .2  g . ) was im m ed ia te ly  
b ro m in a te d  i n  carbon  t e t r a c h l o r i d e  s o l u t i o n ,  and th e  b ro m in a te d  product 
(7 .6  g . ) was found by  g . l . c .  t o  be  a m ix tu re .  By analogy w ith  th e  
1 , 1 , 8- i s o m e r ,  i t  was decided to  e f f e c t  t h e  d ehydrob rom ina tion  by means o f  
a lu m in a ,  A c o n c e n t r a t e d  s o l u t i o n  o f  t h e  m ix tu re  (7 .6  g . ) i n  l i g h t  petroleum  
( b .p .  60 - 80° )  was a b so rb ed  on aAumina (15O g . ) ,  and was su c c e s s iv e ly  e l u t e d  
as  d e s c r ib e d  b e f o r e .  The components w ere e l u t e d  i n  t h e  fo llo w in g  o r d e r :
(1 ) 7- m e t h y l - 2- t e t r a l o n e ;  ( 2 ) 3-b ro m o - l ,  2- d i h y d r o - l ,  1 , 7- t r i m e t h y l - 2-  
o x o n ap h th a len e  ( i d e n t i f i e d  by n . m . r .  ) ; and ( 3 ). 1 , 2- d i h y d r o - l ,  1-, 7 - t r i m e t h y l -
2- o x o n a p h th a le n e  which d i s t i l l e d  as a  c o l o u r l e s s  l i q u i d  ( l  g . , 1 2 . 7# b a s e d  on. 
t h e  m e t h y l t e t r a l o n e ) , i b . p .  1 0 0 -1 0 1 ° /0 .3  mm. (Found: C, 8 3 .7 ;  E , 7 .6 .  CigEq^O
req u ires C, 8 3 .9 ;  7 .5# ) ;  1660  (C=0), 1610  (C=C), 1395 and 1360
(gem-d im e th y l ) , 1380 ( a ro m a t ic  r i n g  m e th y l ) ,  and 8 5 0 crn."^ ( r i n g  CH o u t  o f  
p la n e  d e fo r m a t io n s ) ;  X ^  317 (9 ,8 5 0 )  and 24o. my ( lO ,1 5 0 ) .  The n . m . r .
sp ec tru m  shows peaks a t  T 8 .5 3  ( 6li ,  s , gem-d im e th y l ) ,  7 .6 0  (3H, s ,  a ro m a t ic  
r i n g  m e th y l ) ,  3 .8 3  ( lE ,  d ,  p ro to n  3 ) ,  2 .6 5 - 2 .9  (3H, .c.m, p r o to n s  5 ,  6 and 8 ) ,  
and 2 .5 7  ( IK , d ,  p ro to n  4.), £ 3  1 0 .0  c . / s e c .  - ‘ ' ’ . ’ " ' . '? Î
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P r e p a r a t io n  o f  1 , 2-D ih y d ro - l ,  1 , 5- t r i m e t h y l - 2- oxonaphtha l e n e
. 3» 4-D ih y d ro -6-m ethoxy-l - m e th y ln a p h th a le n e .— The fo l lo w in g  m o d i f i c a t io n  
of E h a t ta c h a r y y a 's  method^? r e s u l t e d  i n  a c o n s id e r a b le  s a v in g  o f  t im e  w i th ­
o u t  a f f e c t i n g  t h e  y i e l d .  T h e ,G rig n a rd  r e a c t i o n  was c a r r i e d  o u t  in  an i n e r t  
a tm o sp h e re ,  and th e  complex was decomposed -  a f t e r  s t a n d in g  a t  room ' ' ‘
te m p e ra tu r e  f o r  1.5 h r .  o n ly ,  fo l lo w e d  by  r e f l u x i n g  f o r  1 h r .  -- by  d i l u t e ,  
in stea d  o f  c o n c e n t r a te d  s u lp h u r i c  a c id .  The p ro d u c t  was r e f l u x e d  f o r  1 h r .  
w i th  ethanol c o n ta in in g  a few drops o f  c o n c e n t r a t e d  h y d r o c h lo r i c  a c i d .  3 , 4 -  
D ih y d ro -6 -m e th o x y - l-m e th y ln a p h th a le n e  (7 8 #) d i s t i l l e d  as  a c o l o u r l e s s  o i l ,  
b .p . 9 2 -9 4 ° /0 .2 5  mm.; 1 6 1O (C=C), I 2 5O (C-O-C), and 820 cm .-l (r in g
CH o u t  o f  p la n e  d e fo rm a t io n s ) ;  270 my ( l3 ,4 0 0 ) . The n . m . r .  spec trum
shows peaks a t  T 7*99 (3H, s , CH3-C=C),  7 .0 -7 ,9  (4h , A2B2 p a t t e r n ’due t o /  • 
OHjZ-Siz), 6 .23  (3H, s ,  CH3- 0 ) ,  4 .30  (iH,- b , o le f in ic  CH)., 3 .1 -3 .4  (2H, c.m, 
p ro to n s  5 and 7 ) ,  and 2 .86  (IH, d ,  p ro to n  8 ) ,  £ 7 8^  ^ 9 .0  c . / s e c .
5- M ethyl-2- t e tr a lo n e .— T his  compound was p r e p a r e d  by a r e p o r t e d  method.
6 -M e th o x y - l -m e th y ln a p h th a le n e , m .p ,  47° (from  l i g h t  p e t ro le u m ,  b . p .  ,60-80°)
had  V (N u jo l)  8 5 O and 820 cm.*“  ^ ( r i n g  CH ou t o f  p la n e  d e f o r m a t io n s ) ;  max.
X 330  ( 4 , 3 0 0 ) ,  and 286 my ( 9 ,7 0 0 ) .  The n . m . r .  sp ec tru m  shows peaks  a t  max.
T 7 .3 9  (3H, b . s ,  C-CIÎ3 ) ,  6 .1 3  ( 3IÏ, s ’, O-CH3 ) ,  and 2 .0 -3 .0  ( 611, c.m , p ro to n s  2 , 
3 , 4 ,  5 , 7 and 8 )., 5-M e th y l -2- t e t r a l o n e  (47#) d i s t i l l e d  under  n i t r o g e n  as a  
c o l o u r l e s s  l i q u i d ,  b . p .  9 4 -9 8 ° /0 .5  mm.; 1720 (C=0), and 775 c m . ( r i n g
CH o u t  o f  p la n e  d e f o r m a t io n s ) ;  X^^^ 264 my (3 2 6 ) .  The n . m . r .  sp ec tru m  shows
peaks .at T 7 .6 5  ( 3H, s , CH3 ) ,  6 .7 5 -7 .6 0  (4H, A2B2 p a t t e r n  from CH2-CH2 ) ,  6 .4 2
( 211, s , CH2 p o s i t i o n  l ) ,  and 2 . 7 - 3 . 1  (3H, c.m, p ro to n s  6 , 7 and 8 ) ,
. . ■ ■ ■ ' ' ■ ■ •
1 ,  1 ,  5- T r im e th y l - 2- t e t r a l o n e .—-T his  compound was prepared from 5 -m e th y l-2 - -  
t e t r a l o n e  (lO g . ) in  an i d e n t i c a l  manner t o  t h a t  d e s c r ib e d  b e f o r e  f o r  t h e  
1 , 1 ,  8 - i s o m e r .  A f te r  d i s t i l l a t i o n  o f  t h e  c ru d e  r e a c t i o n  p ro d u c t  under 
n i t r o g e n ,  t h e  f r a c t i o n ,  b . p .  98~ 1 0 0 ° /0 .3  mm. s o l i d i f i e d  (IO .8  g . , 9 2 # ) ;  
c r y s t a l l i s a t i o n  from l i g h t  p e t ro le u m  ( b .p .  4 0 -6 0 °)  y i e l d e d  1 , 1 , 5- t r i m e t h y l -  
2- t e t r a l o n e  as c o l o u r l e s s  c l u s t e r s  o f  p r i s m s ,  m .p . 77° (Found: C, 8 2 .7 ;
H, 8 . 1 .  C13H10O r e q u i r e s  C, 8 3 .0 ;  H, 8 . 5 # ) ;  v (N u jo l)  1710 (C=0), and
785 and 765 c m .- l  ( r i n g  CH o u t  o f  p la n e  d e f o r m a t io n s ) ;  X^^^- 264-m y .(2 3 4 ) .
The n . m . r .  sp e c tru m  shows peaks a t  T 8 .5 8  ( 6h , s ,  gem-d im e th y l ) ,  7.68  ( 3H, 
s , a ro m a t ic  r i n g  m e th y l ) ,  6 . 7 - 7 .4  (4ll, A2B2 p a t t e r n  from CH2-CH2 ) ,  2 . 7 - 3 . 0  
(3H, c.m , p ro to n s  6 , 7 and 8 ) .
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1 ,  2-D ih y d ro - l , 1 ,  5- t r i m e t h y l - 2-o x o n a p h th a le n e  .——The above t r i m e t h y l -
2 - t e t r a l o n e  (6 ,7  g . )  was b ro m in a te d  i n  e t h e r e a l  s o l u t i o n  ( c f .  p r e p a r a t i o n
o f  1 ,  1 ,  8 - i s o m e r ) ,  t o  g iv e  a  p a l e  y e l lo w  v is c o u s  o i l  (9*5 g . ) ;
1715  (C =0), and  785 cm.“  ^ ( r i n g  CH ou t o f  p la n e  d e f o r m a t io n s ) .  The n . m . r .
sp ec tru m  shows peaks a t  8 .5 1  and 8 . 4 l  ( 61I, 2 s ,  gem-d im e th y l ) ,  7 .6 7  (CÎI3 ,
s ,  a ro m a t ic  r i n g  m e th y l ) ,  6 . 4 - 6 . 7  (2H, c .m , CH?-CHEr), 4 . 9 - 5 . 3  ( IH , c .m ,
CH-Br) and  2 . 6 - 3 . 0  (3H, c .m , p ro to n s  6 , 7 and 8 ) .  A f t e r  d e h y d ro b ro m in a tio n
by means o f  b o i l i n g  y - c o l l i d i n e ,  fo l lo w e d  by  f r a c t i o n a l  d i s t i l l a t i o n  o f  t h e
p r o d u c t ,  t h e  f r a c t i o n ,  b . p .  1 0 6 -1 0 7 ° /0 .4  mm. (6 .4  g . , 97#) s o l i d i f i e d ;
r e c r y s t a l l i s a t i o n  from l i g h t  p e t ro le u m  ( b .p .  40 -6 0 °)  y i e l d e d  1 , 2- d ih y d r o -
1 ,  1 ,  5- t r i m e t h y l - 2~ o xonaph tha lene  as c o l o u r l e s s  n e e d l e s ,  m .p . 52° (Found:
C, 8 3 .4 ;  H,, 7 . 5 . C i3l l ii^0 r e q u i r e s  C, 8 3 .9 ;  H, 7 . 5 # ) ;  v (N u jo l)  1660, ■ ■ : max. ,
(C=0), 1620  (C=C), and 790 and 770 c m ." ^  ( r i n g  CII o u t  o f  plane d e f o r m a t io n s ) ;
V ax  ( 9 , 3 0 0 ) ,  242 ( 7 1 5 9 ) ,  and 23b my ( 7 1 5 9 ) .  The n . m . r .  spectrum shows
peaks  a t  T 8 .5 2  (6h ,  3 , gem-d i m e t h y l ) , 7 .5 2  (3H, s ,  a ro m a tic  ring  CII3 ) , 3 .8 0  
(IH , d ,  p r o to n  3 ) ,  2 . 6 -3 .0  (3K, c .m , protons 6 , 7 and 8 ) ,  and 2 .2 2  ( iH ,  d ,  
p ro to n  4 ) ,  £ 3 ^4  ^ 1 0 .5  c . / s e c .
A ttem p ted  P r e p a r a t i o n  o f  Thio-Comnounds ——     ... . .      ...
R e a c t io n  o f  1 ,  2- D ih y d ro -4 , 4 ,  7-tr im e th y l- l -oxonaphthalene w ith  
P hosphorus  P e n t a s u l p h i d e .— A s o l u t i o n  o f  1 , 4 - d ih y d r o - 4 ,  4 ,  7- t r i m e t h y l -  
l - o x o n a p h th a le n e  ( l  g . )  in  x y le n e  (lOO imL. ) was r e f l u x e d  w i th  phosphorus  
pentasu lphide (2 .8  g . ) f o r  2 .5  h r .  The c o lo u r  o f  t h e  m ix tu re  f i r s t  changed
t o  green,_and th e n  t o  ye llo w . A f te r  c o o l in g , ’ t h e  x y le n e  was removed under
red u ce d  p r e s s u r e ,  and t h e  s o l i d  a l lo w ed  t o  s ta n d  o v e r n ig h t  in  c o n t a c t  w i th  
a c o n c e n t r a t e d  s o l u t i o n  o f  ammonium s u lp h id e .  The mixture was ex tra cted  
w ith  c h lo ro fo rm  and d ried , and th e  s o lv e n t  removed, l e a v in g  an o range  s o l id .  
T his  was d i s s o l v e d  i n  a c e to n e ,  f i l t e r e d  in  o r d e r  t o  remove s u lp h u r ,  and th e  
a c e to n e  e v a p o r a te d .  In  an a t te m p t  t o  obtain  t h e  yellow  s o l i d  in  t h e  
c r y s t a l l i n e  form i t  was d i s s o lv e d  in  b e n ze n e ;  on t h e  a d d i t i o n  o f  l i g h t  
p e t ro le u m  a  c o l o u r l e s s  powder p r e c i p i t a t e d ,  which appeared t o  be a po ly m er .  . 
A f te r  f i l t r a t i o n  t h e  s o lv e n t  was removed from t h e  f i l t r a t e  lea v in g  a yellow" 
gum ( 0 .6  g . ) ,  which was e v a p o r a t i v e l y  d i s t i l l e d ,  b . p .  1 0 6 ° ( b a t h ) / 0 .1  ram.
-  l46  -
A ll  t h e  s p e c t r a l  ev id en ce  su g g e s te d  t h a t  i t  was a  t r i r a e th y l n a p h th a l e n e - 1 -
t h i o l ; V  25T0 (SH), and 815 c m . ( r i n g  CH o u t  o f  p la n e  d e f o r m a t io n s ) ;  max. . '
X 3 3 8 , 3 3 2 , and 298 my. The n , m . r .  spec trum  shows peaks a t  T 7 ,6 0  max, . ,
(3H, s ,  CH3 ), 7.48 (6 n, s ,  2 X CH3 ), 6 , 5 7  (IH, s ,  SH), 2,60-2,78 (2H, m,
2 a ro m a t ic  p r o t o n s ) ,  and 1 ,9 5 -2 .2 0  (2H, c .m , 2 a ro m a t ic  p r o t o n s ) .  The 
a b s o r p t i o n  a t  T 6 .57  was l o s t  on d e u t e r a t i o n .  ' •
R e a c t io n  o f  M e s i ty l  Oxide w ith  Phosphorus. P e n t a c h l o r i d e .— A lthough the 
c o n d i t io n s  d e s c r ib e d  by Braude and E v a n s ^ f o r  t h i s  r e a c t i o n  w ere s t r i c t l y  
a d h e re d  t o ,  t h e  c la im  t h a t  i t  gave r i s e  t o  4 ,  4 - d ic h lo r o - 2 - m e th y lp e n t - 2 - e n e  
( f o r  which o n ly  a  b o i l i n g  p o i n t  and r e f r a c t i v e  in d e x  were q u o ted )  c o u ld  n o t  
be  s u b s t a n t i a t e d .  On d i s t i l l a t i o n  o f  t h e  p r o d u c t ,  two f r a c t i o n s  w ere 
c o l l e c t e d ;  ( i )  b . p .  40-52°/.20 mm., and ( i i )  b . p .  5 4 - 6 6 ° /0 .4  mm. G . l . c . ,  
u s in g  a 6 f t ,  Carbowax '20M column, showed t h a t  each* f r a c t i o n  c o n s i s t e d  o f  
seven  com ponents. The experim en t was t h e r e f o r e  abandoned,
l - C h lo r o - 3 , 4 ,  7 - t r i m e t h y l n a p h t h a l e n e .— O xaly l c h l o r i d e  (5 m l. ) was added 
d ropw ise  t o  1 ,- 4 -d ih y d ro -4 ,  4 ,  7 - t r i m  e t h y l - l - o x o n a p h t h a l e n e  ( 2  g ,  ) a t  0 ° .
The s o l u t i o n  was refluxed f o r  5 h r , ,  and th e  o x a ly l  c h l o r i d e  removed in  
v a c u o , The broim  o i l y  r e s id u e  c r y s t a l l i s e d  on c o o l in g ,  and a f t e r  
r e c r y s t a l l i s a t i o n  from e th a n o l  was i d e n t i f i e d  as l - c h l o r o - 3 ,  4 ,  7 -  
t r i m e t h y ln a p h th a le n e  (2 ,2  g . ,  8 5# ) ,  c o l o u r l e s s  n e e d l e s ,  m.p, 6 8 , 5° (Found:
C, 7 6 , 5 ; H, 6 , 4 ;  C l ,  1 7 . 0 , M 204 C1 3 H1 3 CI r e q u i r e s  C, 7 6 .3 ;  H, 6 , 4 ;
C l ,  1 7 , 4# ) ;  w ^  (N u jo l)  820  cm.”  ^ ( r i n g  CH o u t  o f  p la n e  d e f o r m a t io n s ) ;
^max 332  (6 2 5 5 ) ,  324 (2 8 3 0 ) ,  317. (4550), 287  ( l 4 ,6 l 2 ) ,  and 232 my (8 6 , 7 5 8 ) ,
The n . m . r .  spec trum  shows peaks a t  T 7.62 and 7 « 5 0 “(9H, 2 s ,  3 x CH3 ) ,  2.70 
• (IH , d , o f  d ,  proton 6 ) ,  2 . 6 6  (IH , s, proton 2), 2 . 1 5 ’ ( I H , - d ,  p r o t o n - 5 ) ,
2 , 0 5  (IH, b.s, proton 8 ), £ 5 , 6  9.0 c./sec,, £ 6 ,8 , 1*8 c,/sec. Repeating
th e  above experim en t w h ile  k eep in g  th e  t e m p e ra tu r e  a t  0 th ro u g h o u t  p ro d u ced  
t h e  same compound.
3-M e th y l -9- a n t h r o n e .— T his  compound was p r e p a r e d  a c c o rd in g  t o  B a r n e t t  and 
Goodway^^^ in  t h e  c o m p a ra t iv e ly  h ig h  y i e l d  o f  19# ( l i t . ^ ^ ^  <10 /?), m .p , 101  ;
V . / (Nuiol) 1 6 6 0  (C=0) and 735 c m ,"4 (ring CH out of plane deformations),
max. . . ■ '
X 261  my ( 2 6 . 8 6 1 ) ,  The n.m.r, spectrum shows peaks at T 7.58 (3H, s, CH3 ), 
max, '
5 .7 5  (2H, s ,  CHb), 2 , 4 - 2 .9  (5H, c .m , p ro to n s  2 ,  4 ,  5 ,  6 and 7 ) ,  1 . 5 - 1 . 9  (2H, 
d. superim posed  on c .m , protons 1  and 8 ), £ 1 ,2 , 8.5 c . / s e c .
" -  147 -  b
3 , 1 0 ,  lO- T r im e th y l - 9- a n t h r o n e .— T his  compound was p r e p a re d  from th e  
above m e th y la n th ro n e  ( 4 .1  g . )  by t h e  method d e s c r ib e d  f o r  1 0 , 10 - d im e th y l -
9 - a n th r o n e . l lO  The p ro d u c t  was an o range  o i l  (2 .8  g . )  which c r y s t a l l i s e d  
on s t a n d i n g ;  3,  1 0 , lO- t r i m e t h y l - 9- e n th r o n e  (2 .4  g . , 50#) s e p a r a t e d  from 
e t h a n o l  as c o l o u r l e s s  n e e d l e s ,  m .p . 121° (Found: 'C, .8 6 .4 ;  H, 6 . 8 . ‘ •
C17H10O r e q u i r e s  C, 8 6 .4 ;  II, 6 . 8# ) ;  (N u jo l)  1655  (0 = 0 ) ,  ■ and. 78O and
770  c m .- l  ( r i n g  CH o u t  o f  p la n e  d e fo rm a t io n s ) ;  275 my ( l 8 , 6 0 0 ) .  The
n . m . r .  sp ec tru m  shows peaks a t  T 8 .29  ( 6ll, s ,  gem-d i m e t h y l ) , 7 .5 3  (311, b . s ,  
a ro m a t ic  r i n g  m e t h y l ) , 2 . 2- 2 .9  (5%, c .m , p ro to n s  2 , 4 ,  5 , 6 and 7 ) ,  and 
1 . 5- 1 .9  ( 2H, m, p ro to n s  1 and 8 ) .
R e a c t io n  o f  3 ,  1 0 , lO- T r im e th y l - 9- a n th r o n e  w ith O xaly l  C h lo r id e .-—O xaly l 
c h l o r i d e  ( 3 .0  m l . )  was added dropw ise  t o  3 ,  1 0 ,  lO - t r i m e t h y l - 9 - a n t h r o n s  
( 0 .3  g . ) a t  0 ° .  The s o l u t i o n  was warmed t o  5 0 ° ,  and k e p t  a t " t h i s  t e m p e r a tu r e  
f o r  5 h r .  during w hich t im e  a  g reen  c o lo u r  d ev e lo p ed .  The ex cess  r e a g e n t  
was removed u n d e r  red u ce d  p r e s s u r e ,  l e a v in g  a g reen  o i l  which c r y s t a l l i s e d  
on s t a n d i n g .  The i n f r a r e d  sp ec tru m  showed t h a t  no r e a c t i o n  h ad  ta k e n  
p l a c e ,  and t h e  experiment was r e p e a t e d  w i th  t h e  r e s i d u e ,  u s in g  a  l a r g e  ex c e ss  
o f  o x a l y l  c h l o r i d e  (6  m l . ) .  Only s t a r t i n g  m a t e r i a l  c o u ld  be i d e n t i f i e d  i n  
t h e  p r o d u c t .  The experim en t was r e p e a t e d  once m ore , b u t  t h i s  t im e  th e  o x a l y l  
c h l o r i d e  (u sed  in  la r g e -ex c e ss )  and th e  t r im e t h y la n th r o n e  were g en tly  r e f l u x e d  
f o r  5 h r .  The r e a c t i o n  product was p a r t i a l l y  s o l u b l e  in  e t h y l  a l c o h o l .  The 
i n f r a r e d  sp ec tru m  o f  t h i s  i n s o l u b l e  m a t e r i a l  s u g g e s te d  t h a t  i t  was a p o ly m er ,  
w h i le  t h e  s o l u b l e  m a t e r i a l  was i d e n t i f i e d  as 3 ,  1 0 , lO -trim eth y l-9 -an th ron e.
“ Reaction o f  3 ,  1 0 ,  lQ- T r im e th y l - 9- a n th r o n e  w i th  Phosphorus P e n t a c h l o r i d e '■ .
. • and Phosphorus O x y c h lo r id e .— The t r im e t h y la n th r o n e  ( 0 ,3  g . ) ,  phosphorus
p e n t a c h l o r i d e  (0 .2 7  g . ) »  and phosphorus  o x y c h lo r id e  ( 0 . 04 g . ) w ere
r e f l u x e d  in  t o l u e n e ,  a c c o rd in g  t o  t h e  method d e s c r ib e d  by Ray and A l b e r t s o n ^
f o r  t h e  c o n v e rs io n  o f  f lu o re n o n e  i n t o  9» 9 - d i c h l o r o f l u o r e n e .  No i d e n t i f i a b l e
p r o d u c t  was is o la te d . The experim en t was r e p e a t e d  i n  r e f l u x i n g  x y le n e ,  w i th
th e  same r e s u l t .  H e a t in g  th e  r e a g e n t s  w i th o u t  s o lv e n t  i n  a  s e a l e d  tu b e  a t  
ol4 0  f o r  24 h r .  p roduced  a b la c k  t a r .
-  148 -  . ; ' :
R e a c t io n  o f  3 ,  1 0 ,  lO- T r im e th y l - 9- a n th r o n e  w i th  Hydrogen S u lp h id e  and 
Hydrogen C h lo r i d e .— A s o l u t i o n  o f  3 ,  1 0 ,  lO - t r i m e th y l - 9 - a n th r o n e  (0 .4  g .  ) 
i n  e t h e r  (2  m l . )  was mixed w i th  e t h y l  a l c o h o l  (6  m l . ) ,  and c o o le d  t o
o ^
-10  C; a t  t h a t  te m p e ra tu re  s tream s  o f  d ry  hydrogen  s u lp h id e  and hydrogen  
c h l o r i d e  were s im u l ta n e o u s ly  p a s s e d  i n t o  t h e  s o l u t i o n  f o r - 3 h r . , ' a n d  th e n  
a t  room te m p e r a tu r e ,  when a  g reen  c o lo u r  s lo w ly  d ev e lo p ed .  The gas 
s tream s  were c o n t in u e d  f o r  a  f u r t h e r  2 d a y s ,  b u t  no c r y s t a l s  were d e p o s i t e d ,  
and on removing t h e  s o l v e n t ,  t h e  i n f r a r e d  spec trum  showed o n ly  unchanged 
s t a r t i n g  m a t e r i a l .
S u c c e s s fu l  P r e p a r a t io n  o f  T h io n es .  G enera l P ro ced u re
(a )  A p p a ra tu s .— The r e a c t i o n s  were c a r r i e d  o u t  in  a t e s t  tu b e  w i th  s id e  
arm (app rox im ate  c a p a c i ty  30-40 m l . ) ,  f i t t e d  w i th  a  tw o -h o le d  co rk  s to p p e r  
b e a r in g  two g a s - i n l e t  t u b e s ,  b o th  o f  which w ere drawn o u t  t o  a  narrow  b o re  
( c a . 1 mm. i n t e r n a l  d i a m e te r ) ,  and re a c h e d  t o  t h e  bo tto m  o f  t h e  v e s s e l ;  a 
d ry in g  tu b e  f i l l e d  w i th  ca lc iu m  c h l o r i d e  ( 8 - l4  mesh) was a t t a c h e d  t o  th e  
s i d e  arm. The a p p a ra tu s  was p u rg ed  w ith  n i t r o g e n  b e f o r e  t h e  r e a c t i o n  was 
s t a r t e d .
(b) R e a c t io n  o f  t h e  K etones w i th  Hydrogen S u lp h id e  and
Hydrogen C h lo r id e .— The gas s tream s  were d r i e d  w i th  " D r i e r i t e "  ( f o r  hydrogen  
s u lp h id e )  and c o n c e n t r a t e d  s u lp h u r i c  a c i d  ( f o r  hydrogen  c h l o r i d e ) ,  
r e s p e c t i v e l y ;  t h e  flow  o f  hydrogen  s u lp h id e  was r e g u l a t e d  by  b u b b l in g  th ro u g h  
l i q u i d  p a r a f f i n .
U nless  s p e c i f i e d  o th e r w is e ,  a  s o l u t i o n  o f  t h e  a p p r o p r i a t e  k e to n e  (0 .3  g o )  
in  anhydrous m e thano l (5 m l . )  was co o led  in  an i c e - s a l t  b a t h .  F a s t  s t re a m s  ' 
o f  hydi’ogen s u lp h id e  and hydrogen  c h l o r i d e  were p a s s e d  s im u l ta n e o u s ly  i n t o  
th e  s o l u t i o n  u n t i l  a  s t r o n g  c o lo u r  (v a ry in g  shades  o f  b lu e )  d e v e lo p e d ,  u s u a l l y  
w i t h i n  3 t o  5 m i n . ; b e f o r e  t h e  s o l u t i o n  became c loudy  t h e  f lo w  o f  hydrogen  
c h l o r i d e  was d i s c o n t in u e d ,  and t h a t  o f  hydrogen  s u lp h id e  s low ed down, and 
a l i q u o t s  o f  th e  r e a c t i o n  m ix tu re  were w ithdraw n f o r  s p e c t r o s c o p i c  e x a m in a t io n .  
The amount o f  hydrogen  c h l o r i d e  was c r i t i c a l ,  s i n c e  i t  a c c e l e r a t e d . t h e  forma-, 
t i o n  o f  a  c o l o u r l e s s  p r e c i p i t a t e  -  p resum ably  a po ljnner.  AJ.1 s u b se q u e n t  
o p e r a t io n s  had  t o  be  c a r r i e d  o u t  as s p e e d i l y  as p o s s i b l e .
—  1*»9 -
(c )  P r e p a r a t io n  o f  S p e c t ro s c o p ic  S am ples .-—The n . m . r .  t u b e s  and 
u l t r a v i o l e t  c e l l s  were c o n t in u o u s ly  f lu s h e d  w i th  n i t r o g e n  up t o  t h e  
moment when t h e  samples were in t r o d u c e d ,  and t h e  c o n t a in e r s  s e a le d  
(o r  capped) . The ro c k  s a l t  p l a t e s  were k e p t  re a d y  under, a  b l a n k e t  , ■ ■
o f  n i t r o g e n .  A l iq u o t s  o f  t h e  r e a c t i o n  m ix tu re  w ere t r a n s f e r r e d  i n t o  
sm a l l  t e s t  tu b e s  f i l l e d  w i th  n i t r o g e n ,  t h e  m ethano l e v a p o ra te d  i n  a 
r a p i d  s t re a m  o f  t h i s  g a s ,  and th e  r e s id u e s  d i s s o lv e d  in  t h e  a p p r o p r i a t e  
s o l v e n t ,  d e u te r io c h lo ro fo rm  f o r  a l l  n . m . r .  s p e c t r a ,  and ch lo ro fo rm
f o r  some u l t r a v i o l e t  s p e c t r a .  VJhen t h e  u l t r a v i o l e t  s p e c t r a  were 
r e c o r d e d  as  m e th a n o l ic  s o l u t i o n s ,  a few d rops  o f  th e  r e a c t i o n  m ix tu re  
were t r a n s f e r r e d  d i r e c t l y  i n t o  t h e  s i l i c a ,  c e l l  and d i l u t e d  w i th  • . • .
m e th a n o l .  For t h e  i n f r a r e d  s p e c t r a  i t  was found c o n v e n ie n t  t o  p la c e  a 
few d rops  o f  t h e  same s o l u t i o n  as  was u sed  f o r  t h e  n .m . r .  s p e c t r a  on t o  
t h e  ro c k  s a l t  p l a t e ,  e v a p o ra te  t h e  s o lv e n t  under a * s t re a m  o f  n i t r o g e n ,  
assem ble  t h e  c e l l  r a p i d l y  and r e c o r d  t h e  s p e c t r a  im m e d ia te ly ,  i/hen th e  
r e a c t i o n  p ro d u c t  was a s o l i d ,  t h e  spectrum  was ru n  as a  N u jo l  m u l l .
1 ,  4-P ih y d ro - 4 ,  4 ,  7 - t r im .e th y ln a p h th a le n e - l - t h l o n e .— T rea tm en t o f
1 ,  4 - d ih y d r o - 4 , 4 ,  7 - t r i m e th y l - l - o x o n a p h t h a l e n e  w i th  a  r a p i d  s t re a m  o f
hydrogen  s u lp h id e  and a slow s tre a m  o f  .hydrogen c h l o r i d e  p roduced  a
deep b lu e  c o lo u r  w i th i n  5 m i n . ,  and w i th i n  10 m in. t h e  s o l u t i o n  became
c lo u d y .  Complete c o n v e rs io n  i n t o  t h e  t h i o n e  co u ld  n o t  be ac h ie v e d
b ec a u se  t h e  sample p o ly m e r ise d  w i th  p ro lo n g ed  r e a c t i o n  t im e .  The p ro d u c t
was a  b lu e  s o l i d ;  v 1175 (C=S) and 820 cm.~^ ( r i n g  CH o u t  o f  p la n emax. . . ■
d e f o r m a t io n s ) ;  X (CHClg) 583 , 345, 310 and 252 my. The n . m . r .
max. • . ■ ■
sp ec tru m  shows peaks  a t  T 8 .52  ( 6h , s , gem-d im e th y l ) ,  7 «57 (3H, s ,  
a ro m a tic  r i n g  m e th y l ) ,  3 .43  (IH , d ,  p ro to n  2 ) ,  2 .8 9  ( IH , d ,  p ro to n  3 ) ,
2 . 4 - 2 . 9  (2H, c .m , p ro to n s  5 and 6 ) ,  and 1 .6 3  (IH , b . s ,  p r o to n  8 ) ,  £ 2 3
9 .5  c . / s e c .
The p o ly m eric  p r e c i p i t a t e  was a n a ly se d  b u t  th e  r e s u l t  d id  n o t  p e rm i t  
a l l o c a t i o n  o f  a  s t r u c t u r e  (Found: C, 6 8 .2 ;  H,- 6 . 9 ;  8 ,  l6 .-7# ,  M, 7 0 5 ) .
1 , 4 -D ih y d ro -4 , 4 ,  6- t r i m e t h y l n a p h t h a l e n e - l - t h i o n e . —-This was o b ta in e d  
from th e  c o r re s p o n d in g  k e to n e  by th e  g e n e r a l  p ro c e d u re .  A v i o l e t  c o l o u r ,  
i n d i c a t i n g  th e  p r e s e n c e  o f  t h e  t h i o n e  d eve loped  w i th i n  3 m in. A s o l u t i o n
150 -
o f  t h e  s o l i d  p ro d u c t  in  deu te r io ch lo ro fo rm  was i n i t i a l l y  v i o l e t ,  b u t
became b lu e  on s ta n d in g  in  th e  n . m . r .  p ro b e  (3 3 .4  ) ;  v (iTujol)max . . .
1160  (C=S), and 825 cm.“  ^ ( r i n g  CH ou t o f  p la n e  d e f o r m a t io n s ) ;  X’ max.
(CH3OH), 570, 337, 244 and 237 m y . - T h e  n . m . r .  spec trum  shows peaks  . 
a t  T 8 .4 9  ( 6n ,  s ,  gem-d im e th y l ) , 7 .&O (3H, s ,  a ro m a tic  r i n g  m e th y l ) ,
3 ,4 2  (IH , d ,  p ro to n  2 ) ,  2 .9 0  (IH , d ,  p ro to n  3 ) ,  2 . 6 - 2 .8  (2H, c .m ,
p r o to n s  5 and 7 ) ,  and 1 .5 2  (IH , d ,  p ro to n  8 ) ,  Jo \  9 .5  c . / s e c . ,  J& o '
8 .5  c . / s e c .
1 , 4- P ih y d r o - 4 , 4 ,  5- t r i m e th y l n a p h th a l e n e - l - t h i o n e .— A slow s tream
o f  hydrogen  c h l o r i d e  and a  f a s t  Ê t r e am o f  hydrogen  s u lp h id e  were p a s s e d
i n t o  t h e  s o l u t i o n  o f  1 , 4 -d ih y d r o - 4 ,  4 ,  5- t r i m e t h y l - l - o x o n a p h t h a l e n e .
A b lu e  c o lo u r  ap p ea red  w i th in  2 m in .,-  and a f t e r  5 min.. a l i q u o t s  o f  t h e
s o l u t i o n  were removed ; t h e  p ro d u c t  was a  b lu e  s o l i d ;  v I I 6 Ô (C=S), -----------  max. ■
and 760  cm.~l ( r i n g  CH o u t  o f  p la n e  d e fo r m a t io n s ) ;  X (CHgOH) 570,max.
335) 305 and 242 my. The n . m . r .  spectrum  shows peaks  a t  T 8 .4 2  ( 6h ,  s ,  
gem-d im e th y l ) ,  7 .3 6  (3H, s ,  a ro m a tic  r i n g  m e th y l ) ,  3 .4 7  (IH , d ,  p ro to n  2 ) ,
2 .9 0  (IH , d ,  p ro to n  3 ) ,  2 .5 - 3 . 0  (2H, c .m , p r o to n s  6 and 7 ) ,  1 . 3 - 1 .6  (IH ,
d . o f  d ,  p ro to n  8 ) ,  £ 2 ^ 3  ^ 1 0 .0  c . / s e c .
1 ,  2-D ih y d ro - l , 1 ,  8 - t r i m e t h y ln a p h th a l e n e - 2- t h i o n e .-—T his  was p r e p a re d  
from th e  c o r re s p o n d in g  k e to n e  by th e  g e n e r a l  p ro c e d u re .  A b l u i s h - g r e e n  
c o lo u r  ap p ea red  a f t e r  10 m in . ,  and a f t e r  15 m in . th e  sam ples w ere w i th ­
drawn. A lthough  th e  r e a c t i o n  d id  n o t  go t o  c o m p le t io n ,  f u r t h e r  p a s sa g e  
o f  t h e  g a se s  p r e c i p i t a t e d  a c o l o u r l e s s  po lym er. The r e a c t i o n  p ro d u ct, was .
a  g r e e n i s h - b l u e  r e s i n ;  v I I 65 (C-S) a n d .7 5 0 ’em.”  ^ ( r i n g  CH o u t - o fmax. . » . . . .
p la n e  d e f o r m a t io n s ) ;  X (CH3OH) 590, 375) 264 and 240 my. The n .m . r . ,max.
spec trum  shows peaks a t  T 8 .2 2  ( 6H, s , gem-d im e th y l ) ,  7 .32  (3H, s ,  a ro m a t ic  
r i n g  m e th y l ) ,  2 .6 5 -2 .9 5  (5H, c .m , p r o to n s  3 ,  4 ,  5 , 6 and 7 ) .
1 , 2 -Dihydr o - l , 1 , 6 - t r im e th y l n a p h t h a l e n e - 2- t h i o n e .— By u s in g  t h e  g e n e r a l
p ro c e d u re  w i th  1 , 2- d i h y d r o - l , 1 , 6 - t r i m e t h y l - 2-o x o n a p h th a le n e  a b lu e
c o lo u r  dev e lo p ed  a lm ost im m ed ia te ly .  The hydrogen c h l o r i d e  s t re a m  was
s to p p e d ,  and t h e  p a s sa g e  o f  hydrogen s u lp h id e  c o n t in u e d  f o r  a f u r t h e r
13 m in. The p ro d u c t  had t h e  ap p ea ran ce  o f  b lu e  g l o b u l e s ;  v 1155 (C=S),max.
and 820  cm.“ V ( r i n g  CH out o f  p la n e  d e f o r m a t io n s ) ; X (CH3OH) 590 , 3 8 2 ,inB,x • . -
-  151 -  ;
2 6 5 , 258 and 242 my. The n . m . r .  spec trum  shows p eak s  a t  T 8 .3 3  
( 6H, s , gem-d im e th y l ) ,  7 .6 2  (3H, s ,  a ro m a tic  r i n g  m e th y l ) ,  3 .0 0 ( IK , d ,  
p r o to n  3 )5  2 .5 0  (IH , d ,  p ro to n  4 ) ,  and 2 . 6 - 3 . 0  (3H, c .m , p r o to n s  5 ,  7 
and 8 ) ,  £ 3 ^1+^  9 .0  c . / s e c .  . ' :
1 ,  2 -D ih y d ro -1 , 1 ,  5- t r i m e t h y l n a p h t h a l e n e - 2- t h i o n e .— By t h e  fo re g o in g  
p ro c e d u re  1 , 2 - d i h y d r o - l ,  1 , 5 - t r i m e t h y l - 2-o x o n a p h th a le n e  was c o n v e r te d  
i n t o  th e  c o r re s p o n d in g  t h i o n e , which was o b ta in e d  a s  b lu e  g l o b u l e s ;  
v^ax 71^0 (C=S), and 785 c m . ( r i n g  CH ou t o f  p la n e  d e f o r m a t io n s ) ;
Xmax (CHCI3 ) 5 9 0 , 3 8 5 , 315s 2 6 5 , 258 and 235 my. The n .m . r .  spec trum  
shows peaks  a t  T 8 .3 7  ( 6h ,  s ,  gem-d i m e t h y l ) , 7 .5 1  (3H, s ,  a ro m a t ic  r i n g  
m e th y l ) ,  2 .98  (IH , d ,  p ro to n  3 ) ,  2 .52  (IH , d ,  p r o to n  4 ) ,  and 2 /5 - 2 .9  
(3H, c .m , p r o to n s  6 , 7 and 8 ) ,  £ 3 ^1+^  1 0 .0  c . / s e c .  . • • ' :
1 ,  2 -D ih y d ro -1 , 1 ,  7- t r i m e t h y l n a p h t h a l e n e - 2- t h i o n e .— 1 ,  2 - D i h y d r o - l , 1 ,
7- t r i m e t h y l - 2-o x o n a p h th a le n e  was t r e a t e d  in  an i d e n t i c a l  manner t o  t h a t
d e s c r ib e d  f o r  t h e  1 , 1 , 6- i s o m e r ;  th e  t h i o n e  was a b lu e  o i l ;  v 1155’ ’ -----------  max.
(C=S), and 840 cm ." l ( r i n g  CH ou t o f  p la n e  d e fo rm a t io n s )  X (CH3OII)
ITIQ/X •
5 8 5 , 3 8 6 , 2 6 6 , 258 and 244 my. The n . m . r .  spec trum  shows peaks  a t  
T 8 .3 3  C6h , s , _g_gn-dimethyl ) ,  J  .60  ( 3H, s , a ro m a tic  m e th y l  ) ,  3. CO ( IH , d , 
p ro to n  3 ) ,  2 .6 5  (IH , d ,  p ro to n  4 ) ,  and 2 .4 -2 .9 5  (3H, c .m , p r o to n s  5 s 6 
and 8 ) .
. .. -  1 5 2 . -  V. ;
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